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Ab t ract 
The E's water demand i rapid!; increa ing because of population gro,nh, 
infra tructure development. expan ion of agricultural practice and for the desert 
greening pol ic i  . The e c ircum tance force the country to depend on e pansive 
desa l inated \ ater and made the country second largest desal ination water 
producer in the world .  It is e entia] to reduce the current water consumption rates 
b u ing efficient method and conservation techniques. Greywater reuse i an 
effective and promi ing alternate to cope with this chal lenge. The tudy aimed to 
reduce th water con umption in the Emirate of Abu Dhabi by investigating the 
potential of gre; ater reu e. A field survey was carried out in a case study area in  
AI Ain which comprises of 1 00 tradit ional i l ia type houses. Each house occupies 
a plot area of 2050 m2 and approximately two thirds of each plot is  u ed for 
gardening and plantation. It was found that about 94% of residents in  the 
compri se are using munic ipal water for home gardening. Anal ses of water 
consumption data hawed that about 80% of supplied water is used for outdoor 
activit ies and only 20% for indoor uses that goes to the sewer network. Statistical 
analysis of water consumption explored that the consumption is independent of 
fami ly  size. The EP ANET software was used for h draul ic  model l ing of the 
exist ing water network. The simulation results specified that the recapture of 
greywater has positi e impacts on the hydraul ic perfom1ances of the water 
network. It was shown that greywater reuse has several advantages such as 
reduction of water demand b 1 0%, reduction in  desal i nation plants' operat ion 
and maintenance cost. reduction in emission of greenhouse gases and energy uses. 
On the contrary. in addition to health risks from greywater. recapture of greywater 
may reduce the sewer flow and thereby increase the retention t ime of sludge in the 
sewer l i ne. Outcomes of the study supp011 that the Abu Dhabi Emirate has a great 
potential of greywater reuse and about 86% of residents were agreed to reuse it for 
their home gardens . However, for the i nstal lation of greywater scheme, residents 
expressed their i nterest on financ ial rebate from the government. 
Keywords: Water consumption, greywater, hydraul ic  model ing, data analysis. 
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Chapte r 1 :  Int rod u ction 
1 .I  Background 
Greywater is  the domestic wa tewater originates from shower tub. wa h 
ba in .  ablution and laundry excluding toi let and kitchen sources. The reuse of 
gre vater i increa ing worldwide to curb the increasing water consumption because 
after appropriate treatments it is suitable for reuse for non-potable purposes. 
Greywater reu e has several economical and environmental benefits. Previous 
studie estimated that about 50% to 80% of domestic wastewater is gre)'\"."ater 
( Jamrah et a! . . 2008 ). Treated greywater can be reused for several purposes such as 
l aYvTI watering, agricul ture and garden i rrigation, groundwater recharging and toi let 
flushi ng. Therefore. gre)'\vater reuse approach can decrease the pressure on 
authorit ies for the production of costly desal inated water and the development of 
associated new infrastructures. 
Gre)'\-\·ater reuse has many advantages such as reduction of municipal water 
consumption, reduction of the need to construct large wastewater treatment plants 
and it helps to reduce the amount of discharged wastewater into the sea that is 
benefic ial for aquatic environments. It can also save the operation and maintenance 
cost of the expensi e desalination plants and the water distribution systems. but it ha 
some drawbacks. I f  sewer l ines are not properly designed to accommodate the 
reduction of sewer flows from greywater extraction. sewer pipel ines experience 
dense sludge contents leading to sol id  deposition and sewer blockage and may create 
an overloading problem with the exist ing treatment plants. Further to this, there is  
also possibi I i ty of health i ssues of reuse of untreated greywater. 
The · nited rab Emirates ( E )  i located in  the extreme arid zone and 
mo t parts of AE land cape are desert. where water is  a prec ious and carce 
re ource. The \\ater re ources have significant economic and ocial importance to the 
pro p rity of any country. De pite challenges of water stress. v.·ater consumption 
tati t ics i n  UAE show that the municipal water con umption i s  more than triples the 
world average of 200 l i ter/capita/day ( EAD. 20 1 4) .  This provides a chal lenge to 
researchers and authori ties to introduce water efficient management strategies and 
\Vater conservat ion approaches to o ercome this water consumption in the UAE. 
The Abu Dhabi Emirate is located in  the southern part of the Arabian Gulf 
and its territor area is about 67.340 km2, \ hich is about 80% of total UAE and its 
population is about 1 . 3 m i l l ion ( based on 2006 census ) .  The location of Abu Dhabi 
Emirate is  shown in Figure 1 . 1 .  In order to meet the increasing water consumption in 
Abu Dhabi .  development of additional conventional and unconvent ional water 
re ources and their effective management are of great concern to the authorities 
( EAD, 2008a). 
1 .2 Problem Statement 
1 .2. 1 Water Resou rces i n  Abu Dhabi  Emirate 
The avai lable groundwater resources in  the Abu Dhabi Emirate are estimated 
to be 640 km3 and fresh water is only less than 3% of it .  Correspondingly, the 
groundwater recharge rate is less than 4% of its total annual water consumption 
( EAD, 2008b). Further. i f  the current water extraction rate continues. both fresh and 
brackish reserves wi l l  be depleted within 50 years because it was reported that the 
water table drops about 5 meters a year in the Abu Dhabi Emirate ( EAD, 20 1 4 ) .  The 
c l imate of Abu Dhabi Emirate is also bi-seasonal Mediterranean type with high 
temperatur and low rainfal l .  The monthly minimum and maximum temperatures in  
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Figure 1 .2 :  Monthly  maximum and minimum temperatures in AI Ain  
( Source: https://weatherspark.com/averages/32854/Al -Ain-Abu-Dhabi-United-Arab-
Emirates) 
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The summer (May to October) i very warm and during the day t ime 
temperature nonnal ly  exceed 40°C. Occasional rainfal l in  the AE occurs during 
\\ inter ( O\-ember to Apri l )  with an average rainfal l of less than 1 00 mm/year (EAD. 
2008b ) .  The average month! rainfal l and rainfal l  days in  the bu Dhabi Emirate (AI  
Ain tation) are hown in  Figure 1 .3 .  
F igure 1 .3 :  A erage monthly rainfal l and rainfal l days i n  A l  Ain 
(source: http ://www .worldweatheronl ine.com/Al -Ain-weather-averages/Abu-
Dhabi/ AE.aspx) 
The Abu Dhabi Emirate receives about 65% of its total water from the 
conventional source of groundwater, and about 3 1 %  from non-trad i tional or 
uncon entiona1 sources of desal inat ion plants. Tllis  is because conventional water 
resources are unable to meet the demand for fresh water and now desal ination of sea 
water is the main source of municipal  water in the Emirate . The other 4% of total 
water comes from another unconventional source of treated sewage effluent (TSE) 
( EAD, 2 0 1 4) .  
1 .2.2 Depletion of Groundwater in Abu Dhabi Emirate 
5 
I n  earl ier da s. dome tic water demand in  some parts of Abu Dhabi and al l  
of A l  Ain ci t  wa fulfi l l ed by the groundwater wel ls. but o er extraction of 
groundv;ater not only dec l ined the water table in  the region but also i ncreased the 
a l in i t. intrusion of ground water. The main reasons of over extraction of 
groundwater resources were increased in water consumption from rapid economic 
de elopment in  the region. an increase in population and expansion of agricultural 
ector during the last few decades ( EAD. 2008b). The reduction of groundwater table 
causes numerous impacts on the environment. including the shutdown of some wel ls 
due to deteriorating water qual ity, dryness and decl ination of the water table. This 
creates a huge gap between the avai lable water resources and increase of munic ipal 
water consumption. The depletion trend of groundwater in Abu Dhabi is shown in  
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Figure 1 .4:  Groundwater depletion trend i n  Abu Dhabi ( source: EAD, 2008b) 
1 .2 .3 P rojected Popu lation Grow th in bu Dh abi Emirate 
6 
It i project d that the population of Abu Dhabi Emirate wi l l  be more than 
four mi l l ions in the next 25 years. Table 1 . 1  shows the estimated population gro\\th 
111 bu Dhabi at the current grov.th rate ( 3 . 7%). at the medium projected gro,:vth rate 
( 5 . 8%) and at the highe t projected growth rate ( 7 .9%) ( EAD, 2008b). The municipal 
wat r consumption in Abu Dhabi is  increa ing due to population grovvth. 
urbanization and rapid expansion of economic activities. Therefore, it is necessary to 
find al temati water ources and to conserve the existing water re ource to meet 
the increa ing water demand and to reduce the pressure of developing more 
infrastructures. 
Table  1 . 1 :  Projected population of Abu Dhabi Emirate ( EAD. 2008b) 
Year Projected population at d i fferent growth rates 
Low ( 3 . 7%) Medium ( 5 .8%) High ( 7 .9%) 
20 1 0  1 , 594.230 1 .6 1 8,994 1 .75 1 .4 1 2  
20 1 5  1 . 79 1 ,890 2, 1 46.2 1 6  2,56 1 ,507 
2020 2 . 1 48,845 2,845 , 1 28 3 ,746,302 
2025 2,576,908 3 , 77 1 ,640 5 ,479, 1 09 
2030 3 ,090.243 4,999,868 8,0 1 3.407 
1 .2.4 P rojected Future Water Demand i n  Abu Dhabi Emirate 
The water demand in Abu Dhabi is  expected to increase more than 30% by 
2030 (EAD. 20 1 4) .  Several years' water demand forecast for Abu Dhabi ha e been 
produced by the ADWEC based on the current water consumption and estimated 
7 
population growth. Table 1 .2 sho"vs the foreca ted water demand in  the bu Dhabi 
Emirate ( E  D. 2008b) .  
Table 1 .2 :  Projected water demand in  the Abu Dhabi Emirate ( EAD. 2008b) 
Avai lable water Required water 
Water demand Water deficit 
Year capaci ty capacity 




20 1 6 830 960 1 .007 - 1 77 
20 1 7 830 987 1 .030 -200 
20 1 8  827 1 .0 1 3  1 .066 -239 
20 1 9  826 1 .039 1 .090 -264 
2020 825 1 ,065 1 , 1 1 3  -288 
202 1 830 1 09 1  1 1 36  -26 1 
2022 850 1 1 1 7 1 1 59 -267 
2023 850 1 1 43 1 1 82 -293 
2024 850 1 1 69 1 205 -3 1 9  
2025 850 1 1 95 1 228 -345 
2026 850 1 22 1  1 25 1  -3 7 1  
2027 850 1 247 1 274 -397 
2028 850 1 273 1 297 -423 
2029 850 1 299 1 320 -449 
2030 850 1 325 1 343 -475 
8 
The projected \1\ ater demand in  Table 1 .2 how that there v-:i l l  be ignificant 
growth in  municipal \1\ ater demand during the period from 20 1 6  to 2030 in the Abu 
Dhabi Emirate. The OWE estimation indicates that if new water re ource \\i l l  
not be constructed .  there wi l l  be about 475 mi l l ion gal lons per day (MG/day) water 
deficit i n  the Abu Dhabi Emirate by 2030 that i more than 60% of the current water 
con umption and thi pred iction force the authori ties rel y  on the unconventional 
water resources. such as desal ination and treated sewage effluent, as wel l  as to adopt 
mechani ms for \"vater consumption reduction. Therefore. a comprehen i \'e water 
management plan i required in order to develop more water resources ( ie  .. to 
d i  ers ify water sources). Greywater reuse is one of the alternatives to diversify water 
sources and to minimize the water consumption in the region (Chowdhury et a!. , 
20 1 4 ) .  
1 .2.5 Desa l i nated Water in Abu Dhabi  Emirate 
Increasing pol lution in  groundwater qual i ty due to over exploi tation of the 
avai lable water resources and u nrel iable surface water. and widened water supply 
and demand gap stressed the UAE to become the second largest desal inated water 
producer in the world . The desa l inated water is not only an expensive source, but it is  
also an unsustainable sol ution to overcome the increasing municipal water 
consumption. It has significant economic and environmental effects. but depletion of 
groundwater resources leads the authorities to produce desal inated water in order to 
meet the municipal  water demand despite of its economic and environmental 
concerns. 
9 
The desal ination plants require huge energy and generate over 30 mi l l ion 
tones of greenhouse ga (GHG) emission (C02 equivalent) per year. which i 3 1 %  of 
the total GHG emission in  20 1 0  produced b power and v,·ater sector in  Abu Dhabi 
Emirate ( EAD. 20 1 4  ) . I f  this trend continues. further increase in the em is ion of 
GHGs can exacerbate the cl imate change by contributing to increase in temperature. 
decrea e of prec ipitation and the rise of sea level ( EAD. 20 1 4) .  On the other hand . 
desa l ination process is one of the major sources of marine pol lut ion because they 
d ischarge the heated brine water i nto the sea (Arabian Gulf).  These affect sea water 
sal ini ty le el b increasing the salt concentration and alter the seawater temperature. 
The occurrence of these phenomena threatens the water security in the Arabian Gulf 
and causes numerous effects on sea enviromnent, aquatic l i fe and endangered marine 
biodiversity (EAD. 20 1 4) .  
The brine water d ischarge into the sea (Arabian Gulf) intensi fies the impacts 
on marine ecosystems and reduces the local fisheries by k i l l ing the native intolerable 
species. Fishing in the region is not only an employment and income opportunities 
for centuries. but also i t  contributes to food security and symbol of the rich heritage 
of the UAE ( EAD, 20 1 4) .  
The construction of desal ination p lant requires huge capital i nvestment in  the 
early stage. I n  the operational stage, these plants need bulk fuel and regular 
maintenance. Regardless of al l these construction, operational and maintenance 
costs. there is a big d ifference in production and sel l ing cost of the expensive 
desal inated water in the UAE.  The gap is fi l led by the goverm11ent subsidies. 
Currently the Abu Dhabi Goverm11ent subsidies about AED 2 1 7  b i l l ion that wi l l  be 
incurred in next 20 years, under the assumption that the traffic remains same and 
1 0  
in flati n remain unchanged ( EAD.  20 1 4) .  The Regulation and uperYision Bureau 
( R  B )  i n  bu Dhabi (vv'\\ .r b.gove.ae ) reported that the water co t per cubic meter 
\\ a about AED I 0.43 in 20 1 1 .  Before �0 1 5 . the non- 'AE national (expatriate ) 
paid E D  2 .20 and the E nationals got desal inated water free of cost. The rate has 
changed from January 20 1 5 . The Government subsid ies in water tariff are a great 
burden on the economy of the country. In addition to thjs. i f  desal ination activi ties 
continue. the Arabian gul f pol lution wi l l  be a serious issue in the near future and wi l l  
ha e huge environmental cost and tbeir mitigation wi l l  also be very expensive (EAD. 
20 1 4 ) .  
1 .2.6 Rational  of G reywater Reuse and the Vision 2030 
De pite a water scarce nation. water consumption rate m the Abu Dhabi 
Emirate is highe t in the world . The municipal water consumption rate in 2008 was 
between 565 and 920 l iters per capita per day, as compared to the developed 
countries' average range of between 1 60 and 220 l i ters per capita per day (EAD, 
20 1 4  ) .  The most obvious reason behind this huge d ifference is related to the water 
supply oriented strategy in the Emirate ( ie . ,  subsid ized water tariff) and the use of 
municipal  water for outdoor purposes such as irrigation for home garden, plantation 
and car wash etc .  
The Abu Dhabi Environment V ision 2030 aims to mitigate the envi ronmental 
impacts in the region, s ince the Emjrate is facing an environmental sustainabi l i ty 
chal lenge from the lack of water resources. Therefore. efficient management and 
conservation of water resources i s  one of the top priorit ized areas of the Vision 2030. 
It emphasizes for the col lective responsibi l i t ies for sustainable water solutions and 
1 1  
for the de elopment of a water conservation strategy to reduce the water 
consumption in the Emirate. The high water consumption in bu Dhabi produces 
bulk amount of wastev. ater \\ hich provide us the opportunity to reuse the dome tic 
greywater for home garden i rrigations and to reduce the overal l municipal water 
con umption in the Emirate . 
I n  20 1 2 , the agriculture. fore try and public parks sectors were used about 
70 .7% of the total water in the Abu Dhabi Emirate. whereas 1 6. 1 %  was used by 
domestic ,  8 .2% by Government departments, 4 .3% by commercial and 0.5% by 
indu trial con umer ( EAD. 20 1 4) .  The agriculture and forestry sector i s  the only 
sector that used about 5 .3% of recycled water and remaining 94 . 7% was supplied 
from groundwater during the year 20 1 0, whereas other sectors (domestic. 
commercial and industrial ) are t i l l  not using the recycled water and they depend on 
expensive desal inated water ( SCAD. 20 1 2 ) .  
I n  the trad it ional v i l la  type houses in  UAE, significantly high amount of 
municipal  water is  used for the i rrigation to home gardens and plantat ion. Therefore. 
the current practice to use high quality desalinated water for non-domestic purposes 
should be abol ished ,  because of the energy. cost and environmental consequences of 
desa l inated water. Hence. it is hypothesized that the reuse of domestic greywater can 
provide a long term solution to curb this water shortage. Rather than draining the 
avai lable greywater i nto the sewer system, they can be reused for watering the house 
lawns and for other non-domestic purposes ( toi let fl ush. car washing etc . ) . 
1 �  
1 .3 Pu rpo e of tu dy 
The purpo e of thi research is to estimate the potential of greywater reuse for 
n n-dome tic purpo es ( irrigation for garden and plants) and to a se s their impact 
in reducing water consumption and associated con equences on water network. The 
tud) al o highl ights the current water consumption practice in the region and 
pro\ ide the future outlook to manage this aluable resource in  the Emirate of Abu 
Dhabi . 
1 .-t Scope of Study 
The tudy wi l l  focus on the potential of avai lable domestic greywater and 
hydraulic analyses of the existing water network through the hydraulic model ing and 
ba ed on the estimated greywater quantities . 
A case study area named ·'Al Faqa New Vi l l age·· located in  Al Ain was 
considered i n  this study. Fm1her to hydraul ic analysis of reduced wastewater impacts 
on water network, the study also assessed the social atti tudes to reuse greywater in or 
around the residential houses. The project was conducted as part of the UAE- RF 
research project (3 1 1 3  5) entitled ''Assessment of decentrali::ed gre)fllletter 
hmTe ting and reuse opportunity in AI A in". 
1 .5 O bjectives of Study 
The aim of the study is to identi fy the potential of greywater reuse and to assess 
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E timate the total municipal \Vater consumption and greywater generation in  
the stud; area 
Ident i fy the ocial acceptabi l i ty of grey\:vater reuse cheme 
Conduct h) draul ic  model ing of the exiting water network based on the 
estimated quantity of gre�·ater reuse 
t i l iz  water network hydraul ic model ing · s  results to impro e supply 
efficiency and the use of ' surplus' water. from low water demand areas to water 
deficit di stricts. where water is not suppl ied 24 hours currently. and 
• Review the physica l .  chemical and biological characteristics of greywater and 
impacts of greyvvater reuse on water network. 
1 .6 Selection of Study A rea 
The study area "AI Faqa New Vi l l age" in Al Ain is shown in the Figure 1 .5 .  
The reason t o  select this area is  the avai labi l i ty o f  digi tal water meter records at every 
house and the D istrict Area Meter at the inlet water branch. The residential 
compound comprises of more than 1 00 v i l la  type tradit ional UAE homes and it is 
located in  the orthern Region of Al Ain in the Abu Dhabi Emirate . 
The i nhabitants i n  the complex are Emirati or UAE national .  The total 
population in the area is about one thousand and every house has an outdoor 
plantation site and more than 90% houses have their own home gardens irrigated by 
munic ipal water. The municipal water is desal inated water produced at the Fujj rah 
Desal ination Plant and suppl ied to the area by the AI Ain Distribution Compan 
( AADC) .  
1 . 7 Method ology 
The one year municipal water consumption data wa col lected from door to 
door '- i it after getting the appro a! from the ADC and the AE (approval Iener 
is attached in the Appendi. -B). The data consisted of I 00 hou es at the AI  Faqa 
e\ Vi l lage and the col lected data were compared with the AADC data to verify the 
con umption figure . 
F igure 1 . 5 :  Areal view of the study area ' Al Faqa New Vi l lage'' 
( source: Google Earth) 
The soc ial .  demographic and greywater reuse acceptance data were col lected 
through a structured questionnaire survey. The questionnaire design was based on the 
information needed to estimate greywater quantity avai lable in every household.  The 
data were gathered from various answers given by the respondents. The infonnation 
included number of occupants, frequency of water uses, inigation practices and other 
rele\ ant factor that affect water con umption. The questionnaire urvey \\·as 
approved b) the E Ethics Committee. vv hich is attached in  the Appendix-C. 
fter col lection of consumption data. the hydraulic modeling oftware 
( EPA ET) w a  u ed to analyze the hydraul ic  effects on the existing water netv-;ork 
due to reduction of estimated greywater quant it ies. For this purpo e. the water 
distribution network · s  Gl data was col lected from the AADC . The historical 
record of water inflow data for the study area, residential water meter readings, 
di tribution pip diam ters and elevation were used for the model ing. Different 
greywater reuse or reduction scenarios were performed ba ed on the desktop 
hydraul ic model ing. 
The gre) ater characterist ics were re iewed for physical (pH. turbidity .  TDS, 
conductivity, etc . ) , chemical (COD. ions, sal ini ty. heavy metals, etc . )  and biological 
(co l iform bacteria) parameters from the previous studies in order to examine the 
greywater characteristics for their possible end uses for lawns/gardens and for non­
domestic consumptions such as toilet flushing. 
1 .8 Need of Resou rces 
The fol lowing resources were needed to conduct the study : 
• Water conswnption data from water meters in  the study area (approval required 
from the AADC) 
• A residential questionnaire survey in  the study area (approval required from the 
UAEU Ethics Committee) 
• Greywater sample col lection bottles (purchased from the UAE - RF 3 1  1 35 
budget) 
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• Portable multi-parameter water qual i t) meter (available from the U E -1\RF 
3 1 N l 35 project) 
• e of EED laboratory for greyv, ater ample analyses 
• hemicals for laboratory te t (purcha ed from the AE -NRF 3 1  1 35 project 
budget ) 
• hydraul ic model ing software ( EPA ET). freely avai lable 
• GIS  oftv. are ( Arc lnfo or Arc V iew) (avai lable in the COE col lege. UAEU) 
• tatistical oftware (M iniTab) ( available in the COE col lege, UAEU) 
• A de ktop computer (avai lable i n  the COE college, UAEU) 
1 .9 Ex pected Outcome of the Study 
The expected outcomes from this study are l i sted below: 
• Quantify the water consumption at different v i l las in  the study area 
• Quantify the amount of a ai lable greywater at the study area 
• Identify the factors affecting greywater reuse 
• Effects of greywater reuse on municipal water consumption 
• Effects of greywater reuse on water network ( sedimentation. clogging. 
change of strength and large scale  sludge) 
• Provide recommendations to implement the efficient use of greywater and 
water consumption management without affect ing the pressure and velocity 
requirements of the existing water network, and 
• Estimation of greywater reuse potential that should be evaluated prior to 
designing the greywater reuse schemes. 
1 . 1 0  tu dy Limitation 
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The the i i conducted for 1 00 hou es in  the 1 Faqa ew V i l lage where the 
re ident are only Ernari t i/ E national . The water network hydraulic model i ng wa 
c nducted ba ed on the reduced consumption scenarios representing 0%. 5%. and 
1 0% reduction in water use . The study did not consider the impacts of other water 
con umption measures ( increase of water tari ff, impl i cation of smart water 
appl iances. govenunent restriction on water u es etc . )  on water network. 
1 . 1 1 The is Layout  
The Chapter-2 presents the l i terature review of greywater background, benefits 
of greyv.rater reuse. worldwide practices of greywater reuse, estimated greywater 
quantity. quality and treatments of greywater and the pos ible factors affecting the 
greywater reuse appl ication. The Chapter-3 describes the selection of the study area, 
the various methods used to col lect the data from the field and stat istical analy is of 
the results in addit ion to use of hydraul ic  model ing. The Chapter-4 includes the water 
consumption estimation and cal ibration, discussion on seasonal and monthly water 
consumption. stat istical analysis water computation. description of survey responses 
and the calculation of greywater quantity. The hydraul ic  model ing of the existing 
water network by means of the EPA ET software and use of different scenarios 
based on the estimated greywater quanti ty and thei r  results are discussed in the 
Chapter-S .  I n  Chapter-6, the potential of greywater reuse in Abu Dhabi Emirate, their  
economic and environmental benefits are described in  addition to the greywater 
qual ity re iew. F inal ly,  the conclusion and recommendation are presented in  
Chapter-7. fol lowed by the bibl iography and appendices. 
Chapt e r  2 :  Li terat u re Review 
2 . 1  Backgro u n d  
The d pletion of fre h v. at r re ources and det rioration of  water qual ity i one of 
the eriou growing problem global ly .  The l iv ing tandards and population grow1h 
are e calat ing th municipal water con umption continuously .  Pre ious studies 
identi fied that 1 11 the developed countries more than 30% of their total water 
con umption 1 u d for outdoor act ivi t i  s (gardens. car wash ) .  in spite of their 
urbanization and indu trial gro\\1h. Therefore, i t  i obvious that providing adequate 
municipal \Vater wi l l  be the major i ssue in future. The aim of this chapter is to re iew 
the relevant l i terature and previous studies in order to understand the appl ication of 
greywater reu e for non-domestic use and to assess their source of generation, 
characteri tics and ben fit as an alternat ive opt ion. 
2.2 G reywater 
The domestic wastewater col lected from al l  sources exc luding that generates 
from the toi let is cal led gre)'\vater. I n  some definition, the k itchen wastewater is not 
considered as part of greywater (Mourad et aL 20 1 1 ) . Therefore, sources of 
greywater are wash basin.  shower and bath tub, washing machine, ablution basin and 
sinks. The wastewater d ischarged from toi lets is considered as black water and are 
not i nc luded in greywater. K itchen ' astewater is also excluded from greywater 
because of their high organic  contents ( food waste. o i l  and fat ,  etc . )  ( Aljaradin and 
e l im.  2 0 1 1 :  A l  Wabel ,  20 1 1 :  Kime et a!. , 2009). 
The domestic  wastewater can be divided into two mam categories. Firstly 
greywater that is generated from household  sources, except toi let and kitchen and it 
is  estimated about 60 to 70% of total household water consumption. Secondly. the 
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black wat r that i e timated to be about 3 0  to -l0°'o originated from the toi let and 
k i tchen ( Kim et a/. , _009 ).  Becau e of the low level of organic matters. greywater i 
general ly le  pol l uted and uitable for non-dome tic v,·ater uses such as i rrigation. 
toi let flu  hing. du t control .  o i l  compaction and con truction work after appropriate 
treatment ( Khatun and min.  20 1 1 ). In a recent study, Chowdhury e/ a/. ( 20 1 4 ) 
e t imated grepvater generat ion rate of 1 92 l i ter per capita per day in the ci ty of A I  
i n  i n  U E .  The quantity a found uffic ient enough for toi let flushing 
requirement . 
2.3 Benefi t  of G reyw ater Reu e 
Greywater reuse is an attractive option to reduce the munic ipal water 
con umption and it has many advantages such as savings on consumers· water b i l l s. 
decrease the cost of municipal  water production. and decrease the cost of wastewater 
treatment and construction of supply and storage fac i l i t ies (Mah et al. . 2008) .  On-site 
reu e of gre]'\Vater has two dist inct advantages. i t  saves municipal water without 
affecting the l i festyle  of consumers and i t  saves huge maintenance and energy 
consumption cost of munic ipal  water production ( Friedler and Hadari . 2006) .  The 
benefits of greywater reuse are described below in more detai ls .  
2.3 . 1  Decrease of M u n ic ipal  Water Consumption 
The greywater reuse appl ication can provide the solution to manage the 
growing municipal water consumption and greywater may be reused as treated or un­
treated for d ifferent non-domest ic purposes (N it ivanananon and Sa-nguanduan. 
20 1 3 ) .  The domest ic  greywater is a sustainable water source and i t  can be reused for 
i rrigation of palm trees and p lantat ion around the houses in  order to deal with water 
shortages. Many countries are pract icing to reuse greywater because it is very cost 
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ffe ti\ e and u tainabl ( 1 Wabe l .  20 1 1  ) . I n  previous tudies it wa e t imated that 
about 3 0% of munic ipal \\ ater can be aved by reusing greywater for non-domestic 
a ti\ i t ie ( Mourad . 20 1 1 ) .  However, in  tradi tional v i l las in bu Dhabi . uch tudy 
\ a  not conduct d. In a rec nt tudy , howdhury et a l .  ( 20 1 4) estimated that the 
gr ywater generat ion rate i about 1 92 l i ters p r capita per day in  traditional v i l la  in 
the c i ty of l in  i n  E. 
2 .3.2 Economic Benefit of Greyw ater Reu e 
The con truction f addit ional infrastructure and water supply faci l i t ies to 
meet th i ncrea ing water con umption requires huge cost for the development, 
operation and maintenance of \Yater supply infra tructures (Friedler and Hadari . 
2006). The on- ite reuse of domest ic greywater has economic benefits for 
hou eholders and the authori t ie . because it saves the water b i l l s  for householders 
and on the other hand. it les en the load on the treatment plants and sewer systems. 
but mo t important ly.  it can save the addit ional investment in  construction of water 
uppl ' neh·..-orks. \ ater treatment p lants and repair and replacement of defect ive pipe 
l i nes ( L i  et a!. . 20 1 0) .  I n  some typical conditions, greywater reuse pro ides an 
economical and environmental ly  sustainable option to reduce the overa l l  urban water 
consumption, for example. the col lected greywater from schools and mosques can be 
reused for toi let flushing. car washing and fire fighting ( Kim  et al. , 2009) .  
2.3.3 M a nage of Water  Shortage 
The water shortages and i ncreasing municipal  water consumption are of 
major concern in many arid and semi -arid regions i nc lud ing the UAE. The reuse of 
domestic wastewater/greywater is an alternative source that can help to manage the 
deficiency of avai lable water (Ni t ivattananon and Sa-nguanduan, 20 1 3 ) .  Lowering 
2 1  
the municipal water con umption ha become an e entia] i ue for water authorit ie . 
and di fferent mea ures and combinat ion of methods are being under invest igation for 
the effic ient use of vv ater re ource . Greywater reuse has been considered one of the 
mo t appropriate opt ion that can play a signi ficant role to overcome this increasing 
'' ater con wnption problem. Previ us tudie bowed that greywater reuse for toi let 
Ou bing can ave about 40 to 60 L iters per capita per day from every household, and 
oth r non-domestic u e (garden i 1r igat ion. car washing, etc . )  can sa e plenty of 
munic ipal  water ( Friedlerand and Hadari , 2006 ) .  
2.3.-t I n c rea e of Plan tat ion A rea 
One of the main rea ons for increa ing the municipal water consumption in 
the E i s  practice of landscape and home garden i rrigation. Therefore, greywater 
reu e i s  an altemat ive ource to i rrigate the home gardens and plantation, wluch can 
reduce the municipal  v,:ater demand sufficiently (A lj aradin and el im, 20 1 1 ) . The 
agricultural act ivi t ies can be i ncreased by adopt ing the reuse of domest ic gre water 
for irrigation, but a l l  related factors and aspects should be considered by doing the 
engineering evaluation and soc ial assessment prior to implement of the greywater 
reuse schemes (Me ei l l  et al. , 2009). The microbial risk assessment has to be 
conducted prior to reu e of gre)"vater for agricultural practices. 
2.3.5 E n ergy Savi n g  and E n v iron mental  Sustainabil ity 
The higher consumption of municipal water and its use for home gardening and 
i rrigation practices puts tremendous pressure on the authorit ies to produce more 
desal inated water. Production of  more desal inated water requires more energy and 
they generate more greenhouse gases in the atmosphere that increase the pol lut ion 
level  and have adverse effects on the environment ( Kotwicki and Al -Otaibi 2 0 1 1 ) .  
On th other hand. di harge of  de al i nation plant · waste and brine water into the 
marine wat r ( rabian Gulf in  AE)  igni ficantly affects the marine ecology. 
Therefore, reu e of greywater for non-dome tic purposes i getting popularity in 
man) countrie to con erve the e pen ive and scarce water resources ( Mourad et el. . 
2 0 1 1 ) . and particular! y i n  the 
down cal ing de al ination plants. 
E. the can sa energ and can reduce GHGs by 
2.-t P ractice of Greyw a ter Reu e 
During the last few decades. many industrial and de eloped countries. including 
the European. . Japan and u tra l ia have been reusing greywater for non­
potable purpo es ( Khatun and Amin.  20 1 1 ) . The greywater reuse has been ident ified 
as one of the most economic and feasible options to manage fresh water shortages 
and to cope with i ncrea ing water consumption due to rapid populat ion growth 
( Friedler and Hadari . 2006). The reuse of gre water provides an altemati e source to 
i rrigate the garden and use for other non-potable purposes that are helping to lower 
the municipal \;>,'ater consumption ( Kotv.ricki and Al-Otaib i .  20 1 1 ) .  
0\vadays. i t  i s  not  onl  common to reuse greywater for i rrigation and 
groundwater recharge i n  arid and water scarce regions, but it is also practiced i n  
man countries where fresh water avai lab i l i ty i s  adequate such as  Germany and 
Japan. There are several reasons to adopt the domestic  wastewater reuse practice. for 
example. water shortage forces Austral i a  to reuse wastewater, Japan is practicing due 
to h igh water consumption for pub l ic use and Gem1any and France considered 
wastewater reuse practices for economic  and en i ronmental reasons i t ivattananon 
and Sa-nguanduan. 2 0 1 3 ) . 
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lm t al l  Middle Ea tern countrie are facing scarcity of water, but greyv,:ater 
rcu e i not yet common h re and the mo t obviou reasons are the lack of awareness 
on the water ho11ag i ue. cul tural issue and the lack of proper regulation and 
required tandard . Fe\v tudie were carried out on the reuse of greyvvater in the 
r gi n. Mourad et a/. (20 1 1 ) bowed that about 84% of survey respondents in the 
ul tanate of Oman were agreed to reuse the tr ated gre water for i rrigation. 
Chowdhury et al. ( 20 1 4 ) conducted a study in  the city of A l  Ain,  UAE where they 
ho\\ ed that about 70° o urve respondents were agreed to reuse gre water for 
i rrigation purposes. Greywater reuse i s  an economical and additional source that can 
reduce the increasing water consumption and able olve the water shortage I ssue 
ufficiently i n  the arid region ( Halalsheh et a!. , 2008) .  
2.5 Poten t ia l  Quan t ity of Greyw ater 
The reu e of domestic wastewater/gre water for non-potable purposes has great 
potential to reduce the con umption of supply water (Naj i  and Lustig. 2006) and 
every house has potential to produce greywater with almost the same quantity 
throughout the years ( Mah et a/. , 2008) .  Greywater can be col lected without much 
effort ( L i  et a!. , 20 1 0) and each house can produce about 55 to 65% of greywater of 
their total domestic wastewater (Khatun and Amin, 20 1 1 ) . 
According to Jarnrah et a l .  (2008).  residential areas have high potential to 
produce gre)'\.\·ater and most households can produce about 50 to 80% of greywater 
from their total fresh ' ater consumption, but it needs to be col lected separately  from 
the b lack water. A typical household in the Sultanate of Oman generates about 80 to 
83% of greywater from its total munic ipal water consumption and i t  was estimated 
that about 55 to 5 7% of greywater generates from showers and bath, about 28 to 33% 
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from th ki tch n ink. ab ut 6 to 9% from c lothe wa hing and about 5 to 7% from 
the v. a h ba in ( Jamrah ef al . . 2008 ) .  I n  developing countries. dome t ic water 
c n umption nonnal ly varie bet\ een 1 00 and 1 80 l i ter per capita per day that i s  
about 30  to  70% of the total urban water consumption. but most of this water 
tran [i nn into v. a t \\ ater. Thi wa tewater compri es of 60 to 70% of gre water 
and the remaining is black water ( Fried ler and Hadari , 2006). 
2.6 G reywater Qual ity and C h a racteri t ics 
Gre) \ at r qual i ty varies from house to hou e and i t  depends on the ources of 
generat ion. uch a hov. er. washba in  and kitchen. etc . •  l i festyles and cultural habits 
of the householders ( Kl1atun and Amin. 20 1 1 ) . The contan1 ination level of greywater 
i much lower than the \vastewater generated from the ki tchen and toi lets ( A ljaradin  
and e l im.  20 1 1 ) . Thi is because greywater do not conta in much organic matters. 
food waste and FOG ( fat. oi l  and grease) .  Greywater has different chemical and 
biological characteri t ic ;  the low per capita consumption houses has a high organic 
load and concentration of total suspended sol id ( TSS) ,  biochemical ox gen demand 
( BOD) and chemical oxygen demand ( COD) as compared to the high water 
con umption household . Presence of pathogens or Ecol i  in greywater main! 
depends on the sources of greywater ( Halalsheh et a/. . 2008) .  Chowdhury et a!. 
(20 1 4) observed presence of col iform bacteria in ablut ion greywater in  the ci ty of Al  
Ain .  UAE.  H igh sodium content i n  greywater is  also observed in  previous studies 
(Chowdhury et al. . 20 1 4 ) .  Presence of high sodium ions and its accumulation in  the 
soi l  is  a hazard for plants and soi l  fert i l i ty which may be raised from its long use for 
i rrigation without appropriate treatments ( Mourad ef a!. , 20 1 1 ) .  
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l t  i - recommend d to  treat the greywater to  meet the mi n imum tandard and to 
make it acceptable  by th hou eholders to u e for gardening and plantation ( Kotv,icki 
and 1 -0taibi , 2 0 1 1 ) . Kim et a!. ( 2009 ) recommended that appl ication of proper 
di infection is ne e ary for afe u e of greywater for watering the home garden and 
toi let flu hing. but it i n ce ary to eparate the greyv ater from the black , ater 
( l ialal heh et a!. . 2008 ) and proper qual i ty monitoring has to be done to eval uate 
their toxic effect before reu ing for gardening and toi let fl ushing ( Mah et a!. , 2008) .  
I t  i important to u e ad anced technologies and modem treatment methods to 
r mo\'e the pol lutant and pathogens from greywater and to improve their qual i ty. 
ppropriate treatm nt of greywater wi l l  help to increase the publ ic acceptance for 
gre) \ ater reuse (N iti  attananon and Sa-nguanduan, 20 1 3 ) .  
2 . 7  G reyw ater  T reatment  M ethods 
A satisfactory treatment and dis infection of greywater improves its aesthetic 
qual i ty and publ ic acceptance for different non-potable uses. S ince gre)'\vater is  most 
preferably be used for atering the home gardens and i ndoor toi let flushing, 
selection of treatment methods is important which is based on greywater specific 
characteristics. source and their  col l ection systems. This  may i nc lude d ifferent 
combinations of sand and gra el fi l ters, water col lection and storage tanks. pumps, 
fabric fi lter and dis infection (A lj aradin and Sel im,  20 1 1 ) . 
2.7. 1 Dis infection of G reywa ter 
Presence of microorganisms in greywater has risk to spread out and can affect 
the human health. Therefore, the greywater treatment with chlorine disinfection helps 
to remove the m icroorganisms and make it safe for non-potable uses. A lthough, it is 
observed that the presence of col loidal matters, soap and bacteria decay the residual 
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chlorin o fa t. increa ing amrnonja concentrat ion can low dov-.n the re idual decay 
pr ce and gre ··water can remain safe for longer duration (March and GuaL 2009). 
Di inf ct ion proce i applied to impro\'e the biological qual i ty of greywater. ome 
fi lter ( low and fi lter. bioretention ba in )  wer found to reduce col i form bacteria 
count in greywater. The pa t urization method wa u ed in pre ious studies for 
treatment again l E .  coli and other pathogenic bacteria ( Li et a!. , 2 0 1  0 ) .  
2.7.2 Greywater  T rea tment  ystems 
There are e era! on-site greywater treatment technologies that ha e been 
i ntroduced during the la l decade it ivattananon and Sa-nguanduan. 20 1 3 ) . 
Different countries are u ing d ifferent technologies for greywater treatment that 
depend on their gre vat r qual i ty based on organic and bacterial pol lutants, 
greywater reuse purpo e . publ ic acceptance, health and environment risks. 
Therefore. primary considerat ion to select the proper type of treatment sy tem should 
depend on their qual i t  . quantity and end uses ( Khatun and Amin. 20 1 1 ) . Some of 
the e teclu1ologies are briefly described below. 
2.7.2 . 1 Sand bed Fi l ter M ethod 
Greyv.·ater can be fi l tered through the natural sand bed. til ls  method has the 
abi l i ty to remove the majority of orgaillc and suspended matter that wi l l  resul t  low 
consumption of chlorine for dis infection of greywater ( Mourad et a/. , 20 1 1 ) . But, 
practice shows that the sand fi l ter method cannot remove the organic matter, in  most 
of the cases. 
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2.7.2.2 Me mbrane  Tech nologie 
embrane techn logies are very ea y and economicaL and suitable to 
implement for mal l and larg greywater r u e schemes it ivattananon and a­
nguanduan. 20 1 .., ) .  The pol lutant removal efficiency of membrane technologies is 
ign ifi anti; higher. 
2.7.2.3 Activ ated Ca rbo n  Tech n ologie 
The activated carbon fi lter adheres with the ultra violet unit ( for disinfect ion) 
"' a ob erved to remove a l l  impurities and pathogens of ablution greywater received 
from a mo que and the test results \\'ere found a lmost same as the tap ater (A I ­
WabeL 20 1 1 ) .  
2.7.2A Septic T a n k  w it h  Sand Fi lter 
The ept ic tank with and fi l ter or wetland are the simple and efficient 
choice for on-site treatment of greywater. this method al lows the suspended part ic les 
to settle do\vn and c lean e off any biological hazards prior to reuse the greywater to 
i rrigate the p lants ( H alalsheh et a!. . 2008) .  
2.7.2.5 M ic ro fil t rat ion M e m b ra n e  M ethod 
The microfiltration membrane is the most effective method for greywater 
treatment; this method is very effecti e and has good capacity to improve the 
ae thetic problem such as color and turbidity ,  removal of COD, suspended sol ids, E .  
col i ,  total col i fom1, Salmonel la  and Staphylococcus bacteria from the raw 
wastewater. but the treatment is very cost intensi e ( Kim et al . . 2009) .  
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2.7.2.6 Oxidation P roce Met hod 
Th oxidation proce i a lso an effective method for greywater treatment and it 
ha the abi l i t) to remove color, tmbidity. OD, su pended sol ids. E .  col i ,  total 
col i fom1, almonel la and taphylococcu bacteria from the dome t ic 
\\ a t \\ ater/gr y\vater. but di infection i s  required. The process is  al o a cost 
int n i\ e method ( Kim et a!. , 2009) .  Th m thod is simple to operate and their 
maint nance co ts are lo\ , but the treatment effic iency is high ( Li et a/. , 20 1 0 ) . 
2.8 Factor Affect ing G reyw ater Reuse 
Reu e of gr ywater i re tricted i n  many countries primari ly  because of their 
technical .  soc ial and economical factors; sim i larly lack of awareness, benefit cost, 
government upports and regulations are also main hmdles. The statist ics show that 
economic and socia l  conditions of a country ha e signi ficant impact on the greywater 
reu e practice. So,  greywater reuse practices are mor common in  the high income 
countries such a in the USA and Austral ia  because of publ ic  awareness. ome 
developing countrie uch as V ietnam and Thai land have l imited practice on reuse of 
dome t ic \Vastewater. In the last decade, many countries have been started to reuse 
greyv,:ater for non-domestic pmposes. primari ly  for outdoor i rrigation to landscape 
p lantation, parks and gol f comses etc . But, sti l l  there are many cha l lenges to widen 
this practice. Some of these chal lenges are lack of publ ic  awareness, public 
perception, unavai lab i l ity of regulation and standards, and lack of socia l  and pol i t ical 
wi l l i ngness ( Khatun and Amin,  20 1 1 ) . 
2.8. 1 Social  Factors Affect ing  G reyw a ter Reuse 
Greywater has low qual i ty i n  comparison with municipal water, so there are 
many socia l  chal lenges to reuse i t  on-site (McNei l l  et al. . 2009) .  The social 
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ace ptance to r u e dome tic grey-water i the pnmary factor to uti l ize thi 
unc nventional re ource. Without publ ic  acceptance. reu e of greywater is  not 
pos ible to go step forward ( i t i vattananon and a-nguanduan. 20 1 3 ) . In order to 
promote th reu e f treated grey\ ater. awarenes and training are necessary. 
war ne can prO\ ide a en of afet and traini ng can make the users able to 
contr I .  organize and maintain the reu e system afel and effective! . Thi approach 
w i l l  increa e confidence level for people to reuse greywater and to manage the 
) tem . Thi \\i l l  re ult an enhanced greyv;ater reu e practice and thereby decrease 
the water hortage problem. However. it is necessary to ensure the publ ic and 
em i ronment protect ion by minimizi ng the potential r isks in the reuse of domestic 
wastewat rlgreywater ( aj i and Lustig. 2006 ). The socia l  atti tude has great 
importance to reuse the greywater because in some countries water and wastewater 
ha r l i giou value a wel l .  
2 .8.2 Cultu ral Factors Affect ing G reyw ater Reuse 
A study i n  the Pale t ian showed that about 75% residents of the West Bank 
were not agreed to accept the reuse of treated wastewater for irrigation due to their 
local cultural values ( Halalsheh et al. . 2008 ) .  On the other hand. in  Jordan. more 
than 50% farmers agreed to reuse the wastewater for i rrigation purposes ( Halalsheh 
el a/. , 2008) .  Local cultural and rel igious issues are sign ificant ly  important in the 
reuse of greywater. A comprehensive greywater reuse education and awareness plan 
can raise the part ic ipation and acceptable level of consumers (Me e i l l  et a!. . 2009). 
2.8.3 Economic  Factors of G reywa ter Reuse 
The use of treated greywater i s  safer than the raw greywater. but the cost of 
treatment is normal ly high and i t  i s  one of the main barriers to accept greywater reuse 
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for the publ ic .  Actual ly .  the co  t of greywater treatment varie according to  their 
uti l ization and the type f treatment selection. The economic analysis to instal l  the 
greywater ystem i \ ery e entia] to implement gre, water reuse strategy, because 
financial factor alway govern to implement any ustainable system ( Mourad et a/. . 
20 1 1 ) . I t  i one of th most re tricted factor in  promoting the grey water reuse 
cheme. but the a oc iated co t of greywater reuse can be overcome b reducing cost 
of construction of water main and sewer l i ne and by impro ing the effectivenes of 
exi st ing water and ewer ' tem aj i and Lustig. 2006). The payback period of 
gre: \ ater treatment y tern depend on the volume of treated greywater and the 
aving from municipal  ' ater charges ( L i  et a l . .  20 1 0 ) .  Usual ly the greywater 
treatment system u ed for i rrigation has a shorter payback period. 
2.8A I rrigat ion Methods 
The selection of proper i rrigation method i s  ery important to reuse treated 
grey\\·ater safe} ' for p lantat ion and crops. I t  can be done by pro id ing proper 
technical tra in ing. awareness and education to the users (Me e i l l  et  al. . 2009). Spray 
and drip types of i rrigation methods are commonly used and the spray i rrigation is 
more l i ke ly to be in contact with people. As a result. regulations for spray i rrigation 
water requirements are comparatively much stricter than the drip i rrigation system. 
The use of advanced technologies and implementation of qual i ty control standards 
for greywater can help to remove the potential hazards of the greywater 
i t ivattananon and Sa-nguanduan, 20 1 3 ). 
2.8.5 G reywater Reu e I m pacts on Sewer Network 
The reuse of domest ic wastewater/greywater may affect the wastewater inflow 
into the sewer l i nes and the sewer system may be affected by a reduction of sewer 
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flO\\ ( Kim et a/. , 2009) .  L flO\\' in the ewer y tern may produce den e ludge. 
but it depend n the concentrat ion of pol lutant and ources of wastewater. 
2.8.6 G reyw ater Reu e Po licy and P la n ning 
The gov rnment an play a igni ficant role  to develop the under tanding and 
acceptanc of gr )Water reu e b informing the publ ic and by reducing ocial and 
economic hurdles. Government rebate to in tal l  on-site greywater treatment system 
can be an effective mechanism to motivate people. Publ ic invol ement in this regards 
can h lp t accept th reu e of grey\ ater and can improve the performance of water 
con ervation and management plan ( L i  er al . .  20 1 0) .  I t  i s  so important to introduce 
the cl ar pol icy to promote the reuse of greywater and to address a l l  concerns to 
achieve the u tainabi l ity in water management by l i nk ing them through a pol icy and 
proper p lanning for water reuse infrastructure . The en ironmental and social benefit 
a e sment is  nece ary. I n  fact, greywater is  a more rel iable and continuous source 
than rainwater. A water con ervation strategy requires proper planning and 
regulatory frameworks and cooperation among different government and non­
government organizations (Naj i  and Lustig, 2006 ) .  
2.8.7 Regulations and G u idel i n es of G reywa ter  Reuse 
The guide l ines and regulations to reuse greywater are sign ificant ly important 
to exami ne and assess the impacts on publ ic  health and the envi ronment . Therefore. 
soc ial , environmental and economic concerns should be i ntroduced by proper 
guidel ines and regulations (Naj i and Lustig, 2006). Most countries have the potential 
of gre water reuse, but majority of countries does not have effecti e regulations or 
guide l ines to reuse the greywater safely for non-domest ic  purposes ( Kim et a!. , 
2009). I t  i s  necessary to monitor the performance of regulation and guide l ines 
periodical l y  in  order to en ure the afet) of the environment and publ ic health ( aJ t 
and Lu t ig.  2006) .  Though guidel ines and regulation are avai lable i n  E for 
treated ev. age effluent. pec i iic  guide l ine for greywater reuse is  not avai lable yet . 
3 . 1  I n t roduct ion 
Chapt e r  3:  Data and M eth odology 
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Thi chapter d e  ribes the different methods used i n  this the is  from 
col lection f primary field data direct ly from each hou e in  the study area. door to 
door urvey to gath r \ ater meter reading data from every house. anal sis of current 
water consumption in th stud ar a and the potential of greywater reuse by means 
f hydraul ic model ing. The results were compared with local standards and 
regulat ion . The h draul ic  model ing of the exi ting water network wa carried out 
con idering di fferent water consumption cenarios in  order to observe the effects of 
gre;. \·ater reuse on the exi t ing water network . 
3.2 Study A rea 
The election of appropriate study area was an important step in this thesis i n  
order to  meet the study objecti\'eS and to  exan1i ne d ifferent usage of  munic ipal water 
and the opportuni ty for gre)'\vater reuse. Therefore, the stud area was selected based 
on the h ighest water con umption community in the Al Ain region, which has home 
gardens and an1enity plantation zones. The RSB water supply regulation ( 2009) 
est imated that the i l las ( local l  known a s  Shabiat) of Emirati national have the 
highest per capita munic ipal water consumption rate. This research shows that the 
most probable  reason behind this high consumption of water is their tradit ional 
passion to have a plantat ion and home garden in the v i l las. Therefore, several 
communities were visi ted to select a suitable study area for this thesis in the Al Ain  
Region. Many areas do not  get continuous (24 hours) water supply and some areas 
do not ha e water meters for a l l  houses. Other constraints were to get the large 
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number f communit) demographic tructure and water consumption data with in a 
l imi ted t ime and re ource . 
According) , the 'A/  Faqa New J 'illage·· wa elected as the stud area. 
\\ hich meet the obj ct iYe t perform the project activit ie for this the i . The 
com pi x ccupie 1 00 detached v i l las. tv o commercial hou e and one Mosque and 
a l l  \ · i l i a  r ceive \Vater from a single ource provided by  the Abu Dhabi Distribution 
C mpan) (ADDC ) .  I I  wever. the demographic and municipal  water consumption 
data v. ere not avai lable at the beginning of this study. The municipal water is 
uppl ied in the tud area by the Al Ain D istribution Company ( AADC ) and the 
v i l l age has a single upply ource from the AI- hu aib orth pumping station of 
DDC.  The tudy area bas a water network consists of duct i le  i ron pipes and a l l  
house have a munic ipal water connection with a wal l  mounted electromagnetic 
water meter. F igures 3 . l a  and 3 . 1 b  shov ..· the location map of the housing complex. 
3.2 . 1  G eogra p h ic Fea t u re o f  the Study A rea 
The A l  Faqa ew T 'illage is located in the Northern Region of Al Ain ci ty ,  
approximately 60 km from the  A l  Ain city center towards Dubai a t  the latitude 
(east ing) : 3 597 1 5  and longitude ( north ing) :  2730645 ,  along the Al Ain - Dubai 
h ighway. The v i l l age occupies 1 00 typical residential v i l l as: the plot size for each 
v i l l a  is  45m x 45m (2025 m2 ) as shown in the F igure 3 . 1 .  Every vi l la has a double 
storied bui lding ( townhouse ) with five bedrooms. The bui lding area is about 20% of 
the p lot size (roughly est imated at the Google Pro) and the rest 80% area i s  kept open 
yard. The v i l l as were constructed by the government and only the Emirati nationals 
are l iving in  the v i l lage. The open space in  every v i l la  is  occupied by amenity 
plantations and gardening. 
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Figure ., .I a :  real map of the tudy area ( left)  and an enlarged block iew ( right) 
( ource:  Google pro image) 
F igure 3 . 1  b: Study area with water network and plot l ayout detai ls  
( source: AADC) 
3.3 Su rvey Data Col lection 
Two surveys were conducted m the study area. F i rstly ,  a door to door 
questionnaire survey was conducted by inter iewing the householders regarding 
municipal water uses for d ifferent purposes. fami ly  size and their wi l l i ngness for 
water conservation and greywater reuse. The questionnaire was approved by the 
UAEU Ethics Cornn1i ttee. A total of 35 v i l l as ·  residents were part ic ipated in  the 
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que t ionnaire urve} . The que tionnaire and i t  ethic approval are attached in  th  
Appendix - and , re pect ively .  econdl ', wat r consumption data were col lected 
from v. ater meter r ad ing for a l l  house ("hou e·· and ··,·i l la'· ar interchangeabl 
u d in thi th i ). Th m nthly \Vat r consumption data for 1 00 houses was 
c l l ected for a year ( February 20 1 3  to Januar 2 0 1 4) .  ince AADC is responsible for 
the operat ion and mai ntenance of the water meter i n  the area. appropriate 
penni ion was tak n from the AADC before col lection of water meter readings. The 
col l ected water meter reading data reflect the actual facts for 1 2  months of 
con umer ' \Vater consumption, which wi l l  faci l i tate to examine the seasonal 
variat ion and the trend of water consumption.  
3.-t W ater Cons u m ption Data Collection 
The \Vater meters in  the study area are the properties of the AADC and the 
meter are enclo ed and locked in a G RP wal l mounted box. To open the GRP box 
and to col lect data, it wa i mportant to get fom1al approval from the relevant 
authority. so the approval was obtai ned from the Al Ain  Distribution Company"s  
Managing Director Office ( refer the Appendix -B ) to  col lect the consumption data 
i ndependently .  prior to start getting the existing meter reading records for each house 
in the selected study area. F igure 3 .2 shows the photograph of a water meter in a v i l l a  
i n  the  study area. The meter operates with a long l i fe ( 1  0 years) battery and has a 
data storage capacity for 1 2  months in  the cubic meter ( m3) unit, which is needed i n  
this thesis .  
3.5 Cod ing of H o uses in the Study A rea 
There is a total of  1 00 residential v i l l as, a mosque and a co-operative market 
in the selected study area, and a l l  of them have water meters provided by the AADC. 
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ince thi water meter reading bel ng to individual re idenfs privacy. therefore. a 
un-anon) mou coding of hou e numbers v,:ere used in order to keep the cu tamer 
unidenti fiable and pre erv their privacy i sues. 
F igure 3 . 2 :  Water meter connected in houses in the study area 
( source : AADC) 
After gett ing the authorization to col lect consumption data from the AADC, 
the GI drav.ing of the study area was obtained and the study area was d ivided into 
different blocks and the houses were coded as shown in the F igure 3 . 3 .  The divided 
blocks were marked as Block-A ( 1 2  houses), B lock-B ( 1 2 houses), Block-C ( 8  
houses). B lock-D ( 1  0 houses), Block-E ( 8  houses ), B lock-F ( 1 2  houses), Block-G 
( 1  0 houses). B lock-H ( 1 2  houses), B lock-J (8 houses). B lock-M (8 houses) and 
B lock- has 3 connections ( 2 commercial and 1 Mosque) .  
300 mm 01 
Woior In 1.t D1111CIH>n 
Figure 3 . 3 : The un-anonymous coding of houses ( vi l las) in the study area 
(these coding are not related to the actual property IDs)  
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3.6 C a l ib ration of  Water Con umption F ield Data 
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fter col lection of \Vater consumption data from al l  houses independent ly. i t  
v. a important to veri f the gathered data. The water upply ourc l ine i n  the tudy 
area i in tal l d \v ith a Oi trict Ar a Meter ( 0  ) with an electromagnetic flow 
meter and an RT a data rec rder ( Figure 3 . 3 ) . Therefore. the secondary data of 
m nthl) 0 M water consumption record in the study area were also obtained from 
the D orthem Regional Office in order to compare and veri fy the col lected 
meter reading from individual house . Conceptual l  summation of water meter 
reading from al l bui ld ing in the stud area should be equal to the suppl ied water in  
the tudy area col lected from the DAM' s  reading. 
3.7  M ethodo logy of  Qu estion n a i re Su rvey 
There are several options to conduct a quest ionnaire survey. such as the door­
to-door urvey using printed question aire. mai l or courier survey. telephone survey 
and gathering survey i nfmmation during a social event. The selection of survey type 
depends on the purpose of study and the ease of anal zing the results . S ince there 
\Vere only 1 00 hou e i n  the study area, the survey methodology adopted in  this study 
was based on primary data and infonnation col lected d irectly from every bouse (door 
to door) and by i nterviewing the residents of the houses. S ince Arabic is the native 
l anguage of the residents. the researcher (surveyor) was accompanied by a native 
Arab speaker during the survey. 
A q uestionnaire having a total of ten quest ions was used in  the survey in 
order to obtain the required information of municipal water consumption and 
greywater reuse. A survey was carried out by personal i nterview of the residents of 
the houses i n  the study area. To get the speci fic information of the study area. 
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parti ular importance \\ a given to bui ld the que tionnaire format . l ayout and type of 
que tion . to include the tudy area re ident · ocial . cul tural and ethical value and 
the cu tom of part ic ipant . The questio1maire design and format reflect the 
d iffi rent water u e and overal l  con umption . o, the asked questions were designed 
a c lo d que tion . \ alue with mult iple choice an wer . and que tions have 
independent choice that to k min imum time and were scored easi ly .  
The sur e que tionnaire (Appendix-A) inc luded 1 0  mult iple choice 
que tions in  simple Engl i h and Arabic languages. The quest ionnaire included basic 
que tions re lated to the \ ater a ai labi l it_ . uses of municipal  water for drinking and 
h me Jam1 irr igation. awarene s of water shortage, u e of greywater uses to measure 
the level of acceptance of greyv,'ater reuse and information about total numbers of 
fami ly  members. The questions ere written in  a series that provided a val id  and 
rel i able opinion of part ic ipants through specified mult iple choice answers. The 
an wer of part ic ipants can be anal zed statistical ly  to assess the individual house· s  
munic ipal water consumption activ i t ies, acceptance of greywater reuse for home 
garden i rrigation and calculation of population for the study area. The questions 
provided in the survey are l i sted below. The actual survey questions are provided in 
the Appendix D .  
D o  you recei  e enough water for uses from the water network? 
Do you use mw1ic ipal water for drinking purposes? 
Do you use municipal  water for home garden i rrigation? 
How many t imes a day do you need water for irrigation? 
Do you bel ieve water conser ation i s  an important i ssue in  A 1  Ain? 
Do you know how important i ndividual action is to meet water demand? 
-l l  
Do ) ou have a plan to take any action in  this year to lower your \Vater u e? 
Do you agree to reu e laundry. 'vVa bing and shower water for home garden 
i rrigation? 
If greyv.·ater y tem co t wil l  between 
pr fer to in tall i t? 
D 1 000 to AED 4000. then do you 
Ho\� many total number of fan1 i ly  member in your house? 
Prior to tart the que t ionnaire survey. a fonnal approval was obtained from 
the E Ethic Approval Committee (Appendix- C ) .  After getting the appro al 
from the concern authori t ies, the door to door survey was started in random order for 
a l l  1 00 hou es. Al l 1 00 houses were approached, however, there was chance of many 
re ident may hesitate to part ic ipate or the house head may not be a ai lable during 
urvey t ime. Therefore. i t  was decided to i si t  each block to cany out the survey. The 
field vi it v ..·as tarted from 25  April 20 1 4  to 1 7  May 20 1 4 . Before start ing the 
urvey. a brief i ntroduction about the sur ey and work was explained to the 
respondents. then the 1 0  specified quest ions were asked and the answers were 
recorded to analyze the col lected information to draw a concl usion. 
3.8 A n a lysis  of  Res u l t  
To develop the result  in  a tabulated or  graphical fom1, several arithmetic 
calculat ions and comparisons were done. I t  was very important for the thesis to 
calculate the actual per capita water consumption of the study area. So. to estimate 
the munic ipal water consumption for each house, the customers' meter data were 
col lected for 1 2  months and the demographic data were col lected from the 
questionnaire survey.  The one year' s  whole consumed water volume was d ivided by 
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the e t imated population of the i l lage and the number of days per year to the get 
the per capita per day \Vater con umption a 
A reraKe per capita per day consumption 
hown in the fom1Uia: 
Total consumed water (liter ) 
Total population x 365 
Thi equat ion wa u ed to calculate the average per capita per day 
con umption by replacing the whole population in the denominator with the total 
number of residents in d ifferent house in the tud area. I t  is  very important to 
compare the calculated real con umption from each house with the local regulat ions 
and i ion 2030.  in order to ident ify any deviation from the recommended municipal 
water con umption l imi t .  
Tables 3 . 1  and 3 .2 were used for comparison, part ia l ly extracted from the 
E D and RSB.  The detai led calculat ions are described in the next chapter and wi l l  
b e  u e d  t o  compare with the actual consumption o f  the study area. The V ision 2030 
et the priority thre hold target for water consumption ( l i ter per capita per day) for 
domest ic  use as mentioned in the Table  3 . 1  and this threshold was used in this thesis 
for calculating the greywater quantity and the hydraul ic  simulation of the existing 
water network. 
The Regulation and Supervision Bureau ( RSB)  is  an independent body, 
which supervise the water qual i ty and supply standard in the Abu Dhabi Emirate. 
They pro ide the water demand and sizing criteria to the al l water distribution 
companies in the Emirates for dai ly  demand rate of various residential and 
commercia l  premises as mentioned in the Table 3 .2 .  
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Table ., . l :  Recommended \vater consumption guidel ine according to the Abu Dhabi 
Em i ronment i ion 2030 ( ource: E D. 20 1 2 )  






rea 20 1 0  2030 
PA 3 P3 . 1  3 . 1 . 1  Moderate Domestic water 
Effic ient Integrated verage consumption in Less than 
managem nt and dome tic water Llcapita/day 
586 
340 
and effic ient Consumption 
con ervat ion use of 3 . 1 . 2 Moderate Domestic 
of water \\ ater average dai ly  outdoor water 
re ource resource dome tic consumption Less than 
outdoor v ater ( v i l la and 756 340 
use m i l l  as shabiyyat ) in 
and shabiyyat L/capita/day 
3 . 1 .3 % of total 
Maximum use water 
of recyc led consumed for 
35% 67% 
water for amenit ies 
amenities plantation 
plantat ion 
Table 3 .2 :  Water demand and sizing criteria according to the RSB ( RSB, 2009) 
T _ pe of premises Estimates of daily Est imates of dai ly  
and consumption Description consumption rate consumption rate 
categories ( Im perial gal lons) ( l i ters) 
V i l la and Shabiat Per capita 77  350 
V i l la and Shabiat
L General services 250/450 1 1 00/2000 
V i l l a  and Shabiat
J Per bedroom 1 1 0 500 
V i l la and Shabiat Pool I mL 6 .6 30 
2General services mean water used for internal gardening and general cleaning purposes for a 
standard-si::ed shabiat and villa. It mav increase or decrease according to the type and si::e of villa. 
However, the estimated rate of consw;ption for calcu/at ing additional quantities shall be bet11'een I 
and 1 .5  gallons per square meter per day 
3 For the shabiat and villa categ01y, a reduction factor may be applied for every• additio
nal bedroom, 
according to the Distribution Company 's own criteria. 
3.9 tati  tical n a ly i of Water Con umption 
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The water consumption data from every house were statistical l analyzed 
u mg the computer o ftware cal led "Mini tab" version - 1 7  ( l icense avai lable at 
). tati tical di tribution of monthly water consumptions were conducted. and 
correlation and l i near regre ion were conducted b tween water con umption and 
fami ly  ize. di fferent tati tical parameters l ike mean. median, minimum. maximum, 
and tandard d viat ion \ ere estimated . The results of this study are presented in 
tabulated and graphical fonns in  the ne t Chapter 4. 
3. 1 0  Water Netw ork M odel ing 
The hydraul ic  model ing was carried out u ing the EP ANET software. The 
\vater network pipe and their characteristics were col lected from the AADC GIS  
layers. everal water reduction cenarios were perfonned in  order to estimate the 
potential of greywater avai lable in the study area and to analyze the effects of 
greyv;ater reu e on the pipe network. so that adequate quanti ties of municipal water 
can be con erved and o era l l  water con umption can be reduced. The Chapter 5 
di cusses the detai led methodology and hydraul ic model ing simulat ion of the 
exi st ing \\·ater network of the study area. The software is freely  avai lable at the l i nk 
V.\\W.epa.gov. I t  i s \ idely used i n  many studies due to its user-friendly appl ications. 
3. 1 0. 1  Descript ion of Model ing Scena rios 
To evaluate the greywater reuse potential, several studies appl ied hydraul ic  
mode l ing on the exist ing pipe l ines by adopting d ifferent hypothetical scenarios with 
respect to the current munic ipal water supply consumption, in order to find a suitable 
approach for greywater reuse (Mah et a!. . 2008) .  
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Three uppl) cenario w re con idered in thi tudy. which are ba ed on 
gre; \'Vater quantit) t imated in Chapter 4. The fir t cenario was created based on 
actual cun-ent wat r con umption calculated from the field and other nv·o cenanos 
were 5°-o and 1 0° o reduction in cun-ent consumptions. re pectively .  It wa e timated 
ll1 hapter 4 that the indoor \ ater con umption is on] 1 5% of the total water 
con umption in the tud; ar a. Theoretical ly.  i t  was shown that a maximum of 8% of 
municipal water can b saved at the greyv ater generat ion rate of 1 92 
l i ter /capit da; . Table 3 . 3  hows the water consumption reduction scenarios adopted 
in the hydraul ic model ing simulation. The adopted water consumption scenarios of 
the exi t ing m un icipal water d istribution network ' i l l  check any effect of greywater 
reu e on the ex i t ing water distribution network operation and performance inc luding 
pre sure and velocity .  
Table 3 . 3 :  Description of water consumption scenarios 
Actual yearly Annual consumption (m3 ) 
cenano % Reduction 
con umption ( m3 used for model ing 
1 Sl 0% 867.434 
2na 867,434 5% 824,062 
3ra 1 0% 780,69 1 
3 . 1 0.2 W ater Consu m ption Calcu lation Methodology 
The actual water consumption data recorded from water meters were used i n  
the hydraul ic model ing i n  order to  determine the real flow conditions of  the water 
system. The total water consumption of 86, 7434 m3/year was calculated i n  the next 
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hapter 4 in  ection 4 .2 . 1 de cribe the deta i l  of water consumption estimation for 
ea h block and th \\ hole tudy area. 
-t. l .  I n t rodu ctio n 
C h a pt e r  4 :  Water  Co n u m pt i o n 
-+7 
Thi chapter include th  r u l ts of water con umption data analy i and the 
re ult  of que t ionnaire urve int rviews. ccordingl , the table . chart and graphs 
are u ed to d cribe the ummar of re ults . tat istical ana] es of water 
on umption data for I 00 v i l la type houses were conducted and included in this 
chapter. Thi chapter di  co er the quantity and nature of water consumption in the 
tudy ar a. 
-t.2.  M u n icipal  Water Con u m ption 
The water meter reading data for 1 2  months were col lected from all houses in 
the tudy area. as mentioned in the methodology section. There were 1 00 v i l la  type 
detached hou es of size 45 m by 45 m, bui l t  by the Government of Abu Dhabi .  I n  
addit ion. there were a private v i l la, a mosque and a co-operative shopping market i n  
the tudy area. A l l  hou e are connected to the ' ater distribution pipe of diameter 3/4 
inche . but only three houses consist of two connections with same size (% inch) 
water mains. The private v i l la. mosque and the co-operat ive shopping market are 
connected with a I Y:! i nch s ize water d istribution pipe .  
The water meter reading from February 20 1 3  to January 20 1 4  were recorded 
for every house. F igure 3 .3 in Chapter 3 shows the layout of houses in d ifferent 
blocks i n  the study area. For the purposes of analyses. the study area was divided 
i nto I 1  blocks and their alphabetic nan1es are shown in Figure 3 . 3  (Chapter 3 )  and 
also i n  Table 4 . 1 .  Only the B lock- has a 1 Y:! inch size water distribution p ipe 
connection and a l l other bloc ks have a 3/4 inch water cormection. The total yearly 
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con umpti n was calculated for each block and then the ummation of a l l  blocks' 
con umption wa completed to find the accumulat d consumption of the whole study 
area a h wn i n  the Table 4 . 1 .  Moreover. number of i l las in  each block were al o 
re orded and z ro con umption hou es were cal led as empty house a hown in the 
Table  .f.  I .  
Table -+ . 1 :  unicipa\ \ ater consumption in the study area 
N umber Water 
Annual water 




per house ( m3 of hou e empty per block (% 
( m3 ) 
hou es of tota l )  /year) 
Block-A 1 2  4 99, 1 69 1 1 .43% 1 .4 1 8  
Block-B L 0 1 1 9, 1 9 1  1 3 . 74% 1 J 70 
Block-C 8 0 80.498 9 .28% 934 
Block-D 1 0  0 85, 1 43 9 .82% 834 
Block-E 8 0 1 04.445 1 2 .04% 1 , 577  
B lock-F 1 2  0 1 26,752 1 4 .6 1 %  1 ,546 
Block-G 1 0  
,., 50, 1 47 5 . 78% 4 1 6  .) 
Block-H 1 2  0 1 02J89 1 1 . 80% 1 .003 
B lock-J 8 1 4 1 .838  4 . 82% 288 
B lock-M 8 1 54,978 6 .34% 500 
B lock-N 3 0 2 ,884 0 .33% 3 
A l l  1 03 * 9 867,434 1 00% 
Blocks 
* i l las but the Block-N occu ies two commerc ia l  bui ld ings and a mosque There are 1 00 P 
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Table 4 . 1 hov. that. 'cept for Block- . average water consumption per 
h u e \ arie fr m 288 .7  m3 to 1 5 77  m3 per year. Dividing by 365 day . it becomes 
790 L/day/hou e to 43 2 1  L/da lhou e. Ver lo' water consumption in Block- 1s 
becau e the con truction of the e house is not completed yet and there are some 
ca ional i nhabitant . 
i nc lud d in  the anal e . 
total of n ine house wa found empty. and the are not 
4.2. 1 .  Com pari  o n  of Water Consu m ption between Field and AADC Record 
In order to veri fy the fie ld data col lected from consumer 's  water meter, the 
DC \\ ater con umption detai l s  of the study area was obtained for the arne period . 
Table 4 .2  show the compari son between monthly data col lected from water meters 
dur ing this study ' ith the A DC monthly record avai lable at the water supply 
operat ion office. 
The results provided in Table 4.2 show that the field data col lected from 
hou es are c lose ly matched with the AADC consumption record suppl ied to the 
distribution network of the stud area. The AADC suppl ied data are approximately 
5% more than the accumulated water consumption meter readings from all houses. 
This 5% addi tional suppl ied water is  general ly used for network flushing, fire 
demand and l i nes losses. Therefore, the col lected water consumption data from al l  
houses can be considered for subsequent analyses. 
4.2.2.  M o n t h ly and Seasonal  Water Consum ption Pa ttern 
The monthly water consumption in  the study area is shown in Figure 4 . 1 .  I t  
shows that water consumption decreased in  winter season ( December - February ). 
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fhe monthly  '' ater con umption as a % of total water u e i al o hov.n in  F igure 
4 . 1 .  It ho'' that monthly '" ater consumption varie bet\veen 7% to 9°/o of total 
water u e in the tudy area. It i evident from the Figure 4 . 1 that winter season 
( O\ ember-Januar) ) wat r con umption is appro imately 2% less than the other 
ea on . 
Table 4 .2 :  Comparison of col lected field data with the AADC water supply record 
Accumulated AADC DMA 
Data Data 
fie ld meter ' meter 
0 Months d ifference d ifference 
consumption consumption 
(%)  ( m3 ) 
( m3 )  ( m3) 
1 February 69,473 74,932 5 459 7 .29% 
20 1 3  
') ·March 78.07 1 8 L257  3 J 86 3 .92% 
.... Apri l 73 ,429 75 .9 1 8 2 489 3 .28% -' 
4 May 76.70 1 79,592 2,89 1 3 .63% 
5 June 74.433  77, 1 00 2,667 3 .46% 
6 Ju ly 75 ,342 78 , 1 69 2,827 3 .62% 
7 August 73 ,9 1 6  76.708 2,792 3 . 64% 
8 September 73 ,3 63 76,873 3 .5 1 0  4 .57% 
9 October 75,964 79,965 4.00 1 5 .00% 
1 0  November 69,49 1 75 .5 1 9  6,028 7 .98% 
1 1  December 66,020 7 1 ,996 5 ,976 8 .30% 
1 2  January 6 1 ,23 1 64,70 1 3 ,470 5 . 36% 
20 1 4  
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Figure 4 . 1 :  nthly water consumption pattern at the study area 
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The F igure 4 .2  shows the distribution of monthly water consumption among 
the d ifferent hou e in the tud area. A total of n ine houses was emptied and ha e 
zero water consumption. From the F igure 4 .2 .  i t  i s  c lear that water con umption 
mo t ly  varies between 200 to 1 400 m3/montb. Extremely h igh water consumption is 
ob erved in three hou es only ( 1 400 to 1 800 m3/month ) and only n ine houses exhibit 
lovv· water consumptions ( l e  s than 200 m3/month) .  The median water consumption 
of 800 to 1 000 m3 /month i s  observed in 1 9  houses. 
4.3. Per Capita Water Consum ption 
To calculate the per capita per day water consumption is one the focal points 
m this study, the equation mentioned in Chapter 3 ( Section 3 . 5 .4 )  was used to 
determine the per capita per day water consumption. Average population of 1 0  
persons per fami ly  ( house ) was considered based on the survey of population for 35 
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hou e and for re  t of hou e rune average v . -a considered to calculate the per capita 
\\ ater con umption. 
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F igure 4 .2 :  Water consumption pattern in  d ifferent houses at the study area 
(bar indicates number of house and sol id  l ine indicates the % of total water use) 
The Table  4 . 3  describe the per capita per day water consumption for 
d ifferent blocks i n  the study ru·ea as mentioned in  Figure 3 . 3 .  Three houses i n  the 
B lock- was not ful ly  occupied during the study year and therefore omitted in the 
estimation of average per capi ta water consumption. After accumulation of overal l  
consumption for a year, the average per capita per day consum ption was found equal 
to 2 .577  l i ters/capita/day ( standard deviation of 6 1 3 ) ( except block- ),  which is 
significantly l arger than the recommended value by RSB regulation laws. Further, 
the actual consumption of 3 5  surveyed houses is described i n  the Figure 4 .3 ,  which 
shows the actual numbers of fan1i l y  members and their  dai ly  munic ipal water 
consumption in l i ters. 
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Table 4 . 3 :  Calculation of per capita \Vater consumption 
Number Annual 
Population Water Water 
of water 
Bl  k i D ( survey consumption consumption 
occupi d consumption 
hou e 
re u l t )  ( m3/capita/day) ( l iter/capita/day) 
(m3 ) 
B l  ck- 8 80 99, 1 69 3 .4  3 ,396 
Block-B 1 2  1 20 1 1 9, 1 9 1  2 . 7  2,72 1 
B l  ck-C 8 80 80,498 2 . 8  2 ,757 
Block-D 1 0  1 00 85 . 1 43 2 . 3  2 . 333  
Block-E 8 80 1 04,445 3 . 6  3 .577 
B lock-F 1 2  1 20 1 26.752 2 .9  2 ,894 
Block-G 7 70 50J 47 2 .0  1 ,963 
B lock-H 1 2  1 20 1 02 .389 2 . 3  2 .338  
B lock-J 7 70 4 1 .838  1 .6 1 .637  
Block-M 7 70 54,978 2 .2  2. 1 52 
B lock-N 3 30  2,884 0 .3 263 
A l l  
94 940 
B locks 
867 434 2 .5  2 ,577  * 
*exce t Block-N. because it has hl 'o commercial and a mosque connection p 
..tA tati  t ical  n a ly i of Water Con umption 
..tA. l tat i  t ica l  Analy i of M o n t h ly Water Con umption 
The tati t ical analy is  of month ly water consumption among the different 
hou e i shown in Table -+ .4 .  D ifferent tati tical parameters l ike mean. median. 
min imum. rna: imum. tandard deviation . kewnes and kurtosi coeffic ient were 
e timated and hewn in Table  4 .4 .  It show that igni ficant ariations are ob erved 
among monthly  water consumptions in different houses. Higher standard deviation 
exhibit this variation. in imum water consumptions are approximately  near to 1 00 
m3 and ma: imum con umptions are approximate! 2000 m3 . A negatively kewed 
di tribution i ob erved for the months of May to October. This indicates that 
monthly  \Vater con umption exhibits posit ively skewed distribution in winter season. 
\Vhereas negative kurtosis coefficients are observed for al l months. 
1 2 3 4 5 6 7 8 9 10 11  1 2  13 14 15 16 17 18 19 20 2 1  22 2 3  24 25 26 2 7  28 29 30 31 32 33 34 35 
)lumbers of surveyed \�ilia 
• ;-.los of persons nlla O consumptloo liter.; per capita per day 
Figure 4 . 3 : Detai l s  of water consumption and fami ly  size i n  surveyed 35  v i l las 
Table  4.4 Sum mary of  stat i st ical analysis of  month ly water consumption o f  d i fferent houses i n  the study area 
Mean Standard deviation M i n i mum Med ian M ax i mum 
Month 











84 1 532  1 00 757  2 , 1 02 0 .59 -0 .63 
20 1 3  
March 897 495 1 02 858 2 ,0 1 7  0 .30 -0 .75 
Apri l 8 3 7  434 1 23 8 1 5  1 ,844 0 . 35  -0.65 
May 845 399 1 22 859 I ,753 -0 .06 -0. 78 
J une 82 1 385  1 27 850 1 ,627 -0. 1 3  -0.96 
J u ly 833  363  1 3 5 848 1 ,63 7 -0. 1 3  -0 .72 
August 8 1 7  359  1 1 1  832  I , 539  -0.23 -0.83 
September 8 1 0  368 1 27 859 1 ,62 1 -0.2 1 -0 .87 
October 853 3 73 1 27 887  I ,765 -0. 1 6  -0 .56 
November 803 399 1 09 8 1 4  1 ,796 0 . 1 0  -0.52 
December 762 432 1 03 769 1 ,862 0 .39 -0 .52 
January 20 1 4  73 1 474 1 03 639 1 ,992 0.62 -0 .59 
Total consumption 












6 1 ,23 1 
Vl Vl 
4A.2 tati  tical  Di tributio n of Water Con um ption 
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The in i tab \'er i n- 1 7  \Va used to perform the tat istical di tribution of 
l l ected water con umption data. Figures 4.4 to 4. 7 how the probabi l ity graph and 
h1 togram charts of wat r consumption (monthly)  for I 00 houses. which indicate that 
month!) \\. ater on umption fol lows a normal di tribution during January. February 
and eptember and May. June and Jul . The August, October and November are 
f< l lowing the Gamma di  tribution. but March. Apri l and December are the month. 
\\ hich are fol lowing Lognormal di tribution. The histogram charts show that majority 
of con Lm1ption l i e  between 500 m3 to 1 500 m3 monthly as indicated by the 
di tribution cur\'e, which mean the majority of houses are usin g high water 
con umption. Further. the appropriate fi tted distribution values were selected after 
compari on of the probabi l ity di stribution analysis as shown in the Table 4 . 5 .  
Figures 4 .4  to  4 . 7  show that water consumptions in  the months of  Janaury. 
February and eptember are best fitted by normal probabi l ity distribution at the 95% 
confidence i nterval and water consumptions in the months of March, Apri l and 
December are are be t fitted by lognormal probabi l ity d istribution at the 95% 
confidence i nterval . Further, the water consumptions in  the months of May, June, 
July.  August. October and o ember are best fitted by the Gamma distribution at the 
95% sign ificance level .  
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Table 4 . 5 :  C mpari on  of  probabi l i ty distribution for Monthly Water Consumption 
e mpari on of probabi l ity di stribution 
Month 
Nom1al Gamma Wei bul l Lognom1al 
January P<0.005 P=0.022 P=0.023 P<0.005 
February P<0.005 P=0.249 P>0.250 P=0.006 
March P=O . l 40 P=0 .026 P>0.250 P<0.005 
Apri l P=O . l 1 4 P=0. 1 49 P>0.250 P<0.005 
1ay P=0. 1 1 3 P<0.005 P<O.O l O  P<0.005 
June P=0.024 P<0 .005 P<O.O l O  P<0.005 
J ul P=O. l 53 P<0.005 P=O .O l 4  P<0.005 -
August P=O.O l 8  P<0.005 P<O.O l O  P<0.005 
September P<0.005 P<0.005 P<O .O l O  P<0.005 
October P=0.023 P<O .OOS P<O .O l O  P<O.OOS 
Nov mber P=O. l 82 P<O.OOS P<O.O l O  P<0.005 
December P=0.067 P=0.008 P=0. 080 P<O.OOS 
Moreover, the distribution graphs show that the consumption rates are 
relat i \'ely high i n  summer months compared to the winter months. The variation in the 
number of houses ) is  due to remove of outl iers in order to refme of unnecessary 
water consumption data and to bui ld  an adequate i nput model for appropriate 
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Figure 4 .4 Statistical d istribution of monthly water consumption for Winter 
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F igure 4 . 5 :  Statistical di stribution of monthly water consumption for Spring 
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Figure 4 .6 :  Statistical distribution of monthly 
( June - August) 
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Figure 4. 7 :  Statistical distribution of monthly water consumption for Autumn 
( September - ovember) 










4A.3 tati tica l Analy i of umber of Per on v . Water Con u mption 
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The tati t ical anal i wa done to find out the effects of number of per on 
on ea h hou · \ ater con umption. o the number of per ons was considered as the 
factor and the � ater con umption wa consider d a the response to develop the 
tati t ical mod 1 of the 0 
The tati t ical anal SJ  done through Mini -tab and graphical results are shown 
m Figure 4 . 8 .  That indicate that col lected water con urnption data is sat isfactory. 
and th normal it) p lot shows that the distribution of consumption i normal. and the 
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Figure4. 8  ( a) :  Probabi l ity plot of data F igure4. 8  (b ) : Residual Plot of data 
F igure 4 .8 (a - b) :  Probab i l ity and residual plot for number of people  vs. water 
consumption ( Source: Table 4 . 7 )  
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Th Figure 4.9 how that the order plot of water con umption in 35 hou e 
and the order plot indicate that the water consumption order is independent for each 
hou e. \\ hi  h mean that each house· water u ing activities ary from each other due 
to the garden area and number of plant . It hows that the observation of re idual s 
ha an independent order. 
1000<> 
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� 0 � 
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Figme 4.9 :  Dependent Order plot for consumption (Source: Table 4 . 7 )  
The main effect plot ( Figure 4 . 1 0 )  of the relation between water consumption and 
the number of persons per fami ly  pro ides the clearest indication that the number of 
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Figure 4. 1 0 : E ffect p lot, number of fami ly  member Vs  water consumption 
( Source :  Table 4 .7 )  
6-l 
n e. amp! i that a fi e per on · v i l la  ha the highest consumption. whereas a 
nin teen per ons · v i l la ha the lO\\ e t consumption. Therefore. i t  i c lear that the 
outd or water con umption ha the signi ficant role in total water consumption in the 
tud; area. 
-tS Di cu ion  on Water Con u m ption 
The calculated re ult demonstrate that the a erage water consumption of more 
than 2 .500 l i ter /cap i ta/da is fi e t imes higher than the ADWEC and R B estimated 
a\ erage consumption rate of 500 1/p/d in the region. It is noticed that the large size 
( 1 � inch) \\ ater connection have 263 l ipid con umption. which i s  about 1 2  t imes 
lower con umption compare to the v i l las connected with connection pipe of % inch. 
The v i l las in  the tudy area exhibit high water consumptions throughout the whole 
year and a l ight ly higher consumption is summer months. This indicates water 
con umption i ncreased with higher temperatures in the summer season. The 
population density in the study area was found relatively low (based on surveyed 
fam i ly  s ize) .  Therefore, the most possible reason for high water consumption is due 
outdoor water uses for plantation and home garden activit ies. During the field visits in 
the study area. i t  was observed that most i l las are fitted with a modem drip i rrigation 
system for watering the plants or fi tted with fold irrigat ion as shown in the Figure 
4. 1 1 . 
Stat istical analyses performed in  the study also confirmed that the population 
does not have a s ignificant effect on water consumption. The results show that the 
munic ipal water i s  not only used for domestic purposes ( indoor), but the most obvious 
reason for the high water consumption rate is their  use for outdoor act ivities. The 
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que t i  nna1re ur\'e) conducted detai l s  are in  tbe next ection) in  the study also 
confi m1ed that about 94°'o f hou e are u ing municipal water for home garden 
i rrigation and plant watering. 
F igure 4 . 1 1 : Photos of plantations and gardens in the study area 
4.6 Re ults of Que t ionna ire Su n'ey 
There is a total of 1 00 v i l l as. two commerc ia l  and a mosque in the study area. 
Out of them. n ine houses were found empty and there is a mosque and a shopping 
market i n  the study area. Therefore, a total of 9 1  v i l las was visited randomly for the 
que t ionnaire survey. ufficient responses were rece i  ed from the v i l la  residents to 
part ic ipate in the survey quest ionnaire and about 3 8% of v i l la  residents ( 3 5  v i l las out 
of 9 1 ) were responded; some residents d id not part ic ipate in the survey because of 
soc ial  barrier and personnel hesitat ion. The survey respondents were from al l  blocks 
in the study area. The outcomes of the survey from 3 5 v i l las can be considered 
sufficient enough for this study because the residents in a l l  v i l l as are Emirati national 
having simi l ar socio-cultural trad i t ion and water usage activ it ies.  There were 1 0  
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mult iple choice que tions m the que tionnaire. the respondent · re pon e are 
w11marized in Table 4 .6 .  
Table 4 .6 show the tabulated re u l t  of the urve questionnaire. There are 
1 00 re id ntial ' i l i a  dwel led by AE nationals in the study area. l l  house are 
recei\ ' ing 24 hour municipal  \Vater from AADC without any interruption. 
The re pon es in  que ti n 1 how that onl 69% of residents were satisfied 
\:v ith the current water uppl quantity. but 3 1 %  resident were not satisfied with their 
current con umption of ,,·ater quant it ies because all open areas are covered with green 
plantation and gardens. The reason behind dis  atisfaction of current supply is that 
the e residents have smal ler diameter c01mection size %" but they have vegetation on 
large area i nside and outside of the v i l la .  
The question 2 urvey results indicate that 97% of residents are usmg 
munic ipal water for drinking purposes and only 3% are not using, most probably they 
use upplled bottled water for drinking purposes. 
The question 3 survey results indicate that 94% of residents are usmg 
municipal water for i rr igation to home gardens and plantation. This indicates that the 
consumption is mainly dominated by the outdoor activit ies and most of these houses 
have gardens and plantation in their premises. 
Table 4.6 Sum mary of  survey q uest ions and respondents' responses 
Quest ion 's  statement 
Do you receive enough water for uses from the water 
network . 
Do you use mun ic ipal  water for dr ink ing purposes? 
Do you use mun ic ipal  water for home garden i rrigat ion? 
How many t i mes a day, do you need water for i rri gat ion? 
Do you bel ieve water conservat ion i s  an important issue i n  A I  
A in? 
Do you bel ieve how i mportance is  ind iv idual  act ion to  meet 
water demand? 
Do you plan to take any act jon in th is  year to lower your 
water use? 
Do you agree to reuse l aundry, washing and shower water for 
home garden i rr i gation? 








N o  ( <Yo ) 





1 1 % 
3% 
Response 














The que t ion 4 urve; re ults indicate that more than 86% of resident g1ve 
\\ at r to their garden and plant more than 2 times a day and more than 8% 
resp ndent give more than " tim . This is  ery logical for the harsh weather and for 
non-nat i\  e plants. 
The que tion 5 urvey re ults how that 1 00% of respondents are aware that 
\Vater c n ervat ion i very important for the A l Ain region . 
Th question 6 re ults indicate that 97% of respondents know that individual 
act ion to save water is important and only 3% of them think that individual action 
doe not affect water con ervat ion.  This is  ver intere t ing that people are aware of 
the con ervation. 
The question 7 re ults how that 86% of respondents have intended to save 
water. but 1 1 % of them did not have an plan to save water and 3% are not confident 
about their plan. 
The question 8 was one of the key questions for this study and the results 
shO\\ that 86% of respondents were agreed and have the intention to reuse greywater 
for p lantation and home garden, but 3% of them were not agreed to reuse greywater 
and 1 1  °io of them were not sme about this .  
The question 9 was specific  to j udge the residents '  opinion to bear the cost of 
greywater on-site fi l tration system, the resul ts show that 7 1 %  of respondents agreed to 
i nstal l the fi ltration system, i f  the govemment bear the cost; about 26% of respondents 
were not sure about any c lear opinion and only 3% of them were agreed to share the 
cost of on-site greywater fi l tration system. This indicates that any on-site greywater 
reuse scheme requires subsidies from the Government sector. 
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The que tion 1 0  wa the focal point in thi urvey about the e t imation of 
tudy area p pulation. the 35 houses were urveyed to get the infonnation about 
fami ly  members and to estimate the whole v i l lage population. Ba ed on the fami ly 
ize information from "5 hou e . an average fami ly ize of 1 0 was e t imated and then 
a\ eraged over the whole tudy area. w hich provided a total population of 994 in the 
tudy area. Further. during the urvey, i t  was found that 94% ( 3 3  out of 3 5 )  houses 
were occupied by Emiratis .  Only 6% houses were on rent, which were occupied by 
other national ( expat ). The Table 4. 7 shows the recorded fami ly sizes of the study 
area house . There \.•; r two age groups in the survey. below and above ( and equal )  
1 5  year of age. Total fami l  size i s  the summation o f  both age groups. The houses 
were selected from a l l  residential blocks to get a real istic reflection of the population. 
However. the survey resul ts confrrmed that the majority of residents is  using 
munic ipal  water for watering the plants and home garden and i t  i s  the real cause of the 
high rate of per capita per day water consumption. I t  was a posi t i  e finding that about 
86° 0 of respondents were agreed to support the greywater reuse in their home garden 
i rrigation. 
Table 4 . 7* Actual popu lat ion o f 3 5  houses and consumption i n  study area col lected duri ng the survey 
r l ouse A ge and number  of people Yearly 
S.N . 
I D  � 1 5  2: 1 5  Total consumption m3 S .N .  
1 A-7 4 5 9 2 ,743 1 9  
2 A-8 3 8 I I  1 6, 705 20 
3 A - 1 1 0 8 8 ] 5, 1 92 2 1  
4 B- 1 4 4 8 1 6, 1 79 22 
5 B-5 3 2 5 1 3 ,956 23 
6 B - 1 1  I 4 5 1 0,785 24 
7 C -2 9 1 0  1 9  5 ,078 25 
8 C-3 5 5 1 0  1 4,705 26 
9 C -4 0 1 5  1 5  ] 1 , 1 1 5  27 
1 0  C-6 0 1 0  1 0  5 ,567 28 
1 1  C-7 5 7 1 2  1 2,452 29 
1 2  C-8  4 4 8 1 4 ,03 8 30 
1 3  0-2 2 4 6 7,8 1 3  3 1  
1 4  0-5 2 1 2  1 4  1 2,428 32 
1 5  E- 1 4 8 1 2  7,368 33 
1 6  E-2 2 1 5  1 5  9,939 34 
1 7  E-4 4 8 1 2  1 2,559 3 5  
1 8  F- 1 4 4 8 9,639 
J lousc Age and number of people Year!) 
[ 0  � 1 5  2: 1 5  Total consumpt ion m3 
F-3 6 2 8 1 3 ,236 
F-4 4 2 6 7,572 
F-8 2 6 8 7,570 
G- 1 6 4 1 0  1 7, 1 7 1  
G-3 6 9 1 5  3 ,835 
G- 5  5 5 1 0  3,297 
G- 1 0  6 5 1 1  2,675 
H-2 5 3 8 9,953 
H-3 4 8 1 2  1 0,904 
H-4 5 3 8 9, 1 5 7 
H-5 2 7 9 7,880 
J -7  1 1 0  1 1  1 0,23 1 
M- 1 0 7 7 1 1 ,874 
M-2 6 4 1 0  4,856 
M-5 4 6 1 0  7,403 
M-7 6 4 1 0  3 ,6 1 6  
N- 1  4 4 8 742 
* table used to calculate main effect p lot person vs water consumpt 1on 
--..) 0 
7 1  
.t.  7 G rep' a ter Gen era t ion  
The calculation of greywater gen ration is on of the main purpose of thi 
tudy . E t imation of grey water generated at bower. wash basin .  laundry and 
bathroom are th main ource of greywater generation at every hou e .  Greyv. ater can 
be reu ed for hom garden i rrigation to reduce the o eral l  municipal water 
con umption. chematic iew of gre)T\vater reuse cheme is shown in  Figure 4 . 1 2 . 
The used water, or gray water, 
rlr;olnPcf frnm bAthtub<: ;>nd w;oc-.hins 







Water used in 
kitchens. toilets 
'----- goes cl rectly 
Into the sewer. 
I 
I The gray water is <::::::, used to Irrigate 
gardens, wash cars 
a nd flush toilets. 
Figure -L 1 2 : A schematic iew of greywater generation and their reuse at houses 
( ource:  http://secure.waternow.org/index.php?cmd=focus_urban, December 20 1 4 ) 
Therefore. i n  order to estimate the actual generation of greywater at study 
area. the average wastewater quantity ( sewer flow) generated from February 20 1 3  to 
January 20 1 4  ( 1 8  L6 1 6  m3) at the study area was obtained from the AADC ( personal 
communication). The amount of water used for indoor act ivities is calculated as the 
d ifference of municipal  water supp l ied to the area and the wastewater received at the 
sewer treatment p lant. Table 4 . 8  shows the average monthly wastewater flow volume 
( sewer flow) from the study area. 
Table 4 . 8 :  onthly average \\ a tewater flow ( in  m3) from the tud area 
( I Faqa e\\ and Old i l lage ) ( ource:  AD C .  Personnel Communication) 
Janual) February arch pri l May June 
1 522 1 1 5540 1 7639 1 7940 1 8290 1 43 70 
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Jul)  ugust September Octob r November December 
1 4787  1 3 5 1 6  1 2630 1 3 764 1 33 80 1 4539 
Table 4 .8  how the data of waste\ ater flow volume for two i l l ages ( new and old Al 
Faqa . therefore. in  order to calculate wa tewater olume from the stud area ( new 
v i l l age) .  the v. ater upply data were obtained from the AADC pumping stat ion to 
ident i fy the percentage of wa tewater share b each v i l lage. The data are shown in  
Table 4 .9 .  
Month 
May- 1 4  
J un- 1 4  
Table 4 .9 :  AADC water supply d istribution for both v i l lages 
( ource: AADC) 
A l  Faqa New Vi l l age 
Total water Al Faqa Old V i l l age 
( Study Area) 
supp l ied 
Consumption % of Consumption % of 
(m3 )  
m3 consumption M3 consumption 
1 22.054 84.4 1 7  69% 36,434 30% 
1 24.28 1 8 7. 5 1 0  70% 40.3 1 2  32% 
Table  4 .9  shows that the study area (Al Faqa new vi l l age) has about 70% of 
suppl ied water. therefore wastewater generation share was also same. Considering the 
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70° o of v,:a tewater generated from the tud_ area. a total of 1 27. 1 3 1  m3/year 
\\ a t v. ater generat ion can be con idered from the tud area. Table 4. 1 0  shows the 
e timated v;a tewater generation (se,ver flow) from the tud area. 
Table 4 . 1 0 : E t imated wa tewater generat ion ( ewer flow) ( i n  m3 ) from the tudy 
area 
Januar; February March Apri l May June 
1 0654 1 0878 1 2347 1 2558 1 2803 1 0059 
Ju l)  ugu t September October November December 
1 03 5 1  946 1 884 1 96" 5 9366 1 0 1 77 
An e t imation of 1 27 J 3 1  m3 /year of wastewater ( sewer) flow indicates that 
the indoor \Yater consumption in the stud area is 1 27. 1 3 1  m3/year ( 1 5% of total water 
con umption) and the rest of 85% ( 867,434 - 1 27J 3 1  = 740.303 m3/year) i used for 
outdoor act iv it ies .  Considering a total population of 994 ( fami ly  size of 1 0  per house) 
i n  the study area. i t  can be shown that i ndoor water consumption i s  about 350 l i ters 
per capi ta per day in the stud area. The estimated outdoor water consumption rate is  
about 2040 l i ters per capita per day. 
This assessment re ults indicate that there is more than 80% difference in  the 
munic ipal water consumption and wastewater production in the study area. This huge 
difference in quant i ty is  general ly due to use of municipal  water for outdoor activit ies 
such as p lantation. home garden i rrigation and car washing in  the v i l las. This opinion 
can be val idated, s ince each house has an 2,025 m2 area and the bui ld ing exist only in 
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740 nl ( timated in  th Google earth pro) ,  which indicate that 40% area i used for 
bui ld ing and 60% area i used for home garden and parking. 
Gre) water in  the E doe not include toil t and kitchen wastewater. A 
recent tud) i n  the in ci t) con idering v i l la  type hou es ( simi lar housing pattem 
in thi tud) ) e t imated gr yvv ater generat ion rate of 1 92 l i ters/capita/day (Chowdhury 
et a/. , 20 1 4  ). Con id ring a s imi lar greywater generat ion rate and an indoor water 
con umption of 350  l i ters/capita/day in the stud area: greywater generation rate i s  
about 5 5° o of the indoor water use. Therefore. conceptual ly i f  1 00% greywater ' i l l  be 
reu ed for i rrigation. only 8°·o of total water wi l l  be saved in  the study area and thi s i s  
because about 85° o of water con umption i s  used for outdoor act ivit ies. But extraction 
of a l l  greywater wi l l  reduce the generation of wastewater ( from 350 lpcd to 1 58 lpcd. 
if all greywater is extracted) and may negatively affect the water/sewer network . This  
re earch question i co\'ered i n  the next Chapter 5 for hydraul ic model ing. 
Chapte r  5 :  H y d rau l i c  M od e l i n g  of  Wat e r  Netw o rk 
5. 1 I n t roduct ion 
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Th v�. ater netv, ork h) draul ic imulation and model ing is a teclmique, which 
u ed for planning. de ign and operational appl ication to analyze the effect iveness 
of water upply y tern at d iffi r nt upply scenario or condi tions. The model ing 
\VOrk i general ly pursu d before implementation of a proposed water supply plan in  
order to d term ine the network perfonnance . The hydraul ic simulation is usual ly 
done by developing a model,  based on the topographical condition and local 
requirement by using a suitable computer model ing software. This  chapter describes 
the hydraul ic  model ing of exi t ing water network i n  the stud area using the 
EPA ET softvvare . The object ives of this chapter is to compare the results of 
d ifferent cenarios of water conswnption reduction by greywater reuse in  the water 
network in order to identify the optimal condition of greyvvater reuse for home 
garden i rrigat ion.  
5.2 Background of Hyd raulic M odel ing 
Genera l ly  computer software i s  used to analyze the water distribution systems 
or network for flow and pressure. The softwares widely used for hydraul ic model ing 
of water networks are E PA ET. WAD ISO and W ATERCAD. The simulation of any 
exist ing or new water network is very important to determine the hydraul ic  
performance of a water distribution system. I n  order to obtain the satisfactory results 
from hydraul i c  mode l ing of different water reduction scenarios (to meet the 
minimum pressure and eloc i ty requirements in the water network) ,  accurate input 
data in the software play a significant role. 
5.3 Pu rpo e of Hyd ra u l ic  M odel ing 
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The primary purpo to perform th hydraul ic model ing of the exi t ing water 
net\\ rk in th study area i to ident i f) the effect of estimated greywater reu e, as 
reducti n in total '>Vater consumption and change in water flow rate. ccordingly, 
the m d l i ng re ult \\ i l l  guide to r use the avai lable grey-v at r extraction. since after 
reduction in con umption: the \ ater network i maintain ing the optimum pressure 
and \'e loc i t  requirement without mod ification of the water system. 
The reu e of greywater and thereby to reduce water consumption in  the study 
area are the main object ives of thi study and it i s  expected that the reduction in 
current \\'ater upply wi l l  affect the existing water network system in  terms of flow 
Yelocit) and pres ure. Therefore ,  it is necessary to analyze the effects of forecasted 
reduced municipal water quantity on the exist ing water network by using the 
hydraul ic  model . 
5.3. 1 Water S u p p ly cenario'  Con u m ption Est imat ion 
Three water reduction scenarios were considered in  this study. The first 
cenario was ba ed on the actual water consumption of 867.434 m3 (no reduction), 
which wa est imated at the consumers '  connection points from the water distribution 
l inearly converted i nto flow rate of 27 .5 1 Lis .  
The total wastewater produced by i ndoor water act ivities was estimated 
1 27, 1 3 1  m3 annual ly as described in the Table 4 . 1 0, which is 1 5% of total ( 867.434 
m3) munic ipal water consumption. In the l iterature, i t  was found that about 69% of 
wastewater are greywater (Chowdhury et a!. , 20 1 4) .  but their rate of generation is 
about 1 92 l iters/capita/day. Therefore, considering the generation rate of 1 92 
l iters/capita/day, maximum possible water saving target of 8% of total water 
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con umption ( indoor + outdoor) and con idering the 69% of wastewater is  
gre) water, a ma'X imum of 1 0 . 1 1 %  of total water can be saved . Hence, the other tv.·o 
cenario a sumed in  this study were reduction of total water con umptions by 5% 
and 1 0%. Table 5 . 1 show the reduced ' ater consumption and subsequent flow rates 
in l i ter /second . The e reductions are considered for the total municipal water 
con umption in th tudy area ( both for indoor and outdoor activities). The water 
c nsumption in  flow rate ( Lis) are used as input data into the hydraul ic  model of the 
E P  ET.  
Table 5 . 1 :  Description of scenario and water conswnption 
Actual yearl % 
cenano 
consumption (m3)  Reduction 
1 st 0% 
2nd 867,434 5% 
3rd 1 0% 
SA Description of Model ing Parameters 
Reduced yearly 






27 .5 1 
26. 1 3  
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To s imulate the hydraul ic model for the existing water network, several 
h. drau l ic  and physical parameters are required to input in the model, such as water 
flow rate, pipe size and s lope, pipe material and operational condition of the existing 
water supply  system. These parameters are obtained through field data and from the 
AADC. 
78 
SA. l Water eh\ Ork La. o u t  
The detai l s  f the water main layout plan of the e i t ing water network are 
an impotiant i nput into the model . The water network in the tud area was obtained 
ir rn the D . Figure 5 . 1 how the water distribution mains in the tudy area. 
F igure 5 . 1 :  Layout of water distribution network in the study area ( source:  AADC ) 
5.4.2 Detai ls  of Water Network P ipes 
The pipe length  and pipe sizes are very important information for adequate 
irnulat ion of the existing water d istribution network. Therefore. the detai l  water 
net\.vork layout drawing was col lected from the AADC and each pipe segment was 
marked with an ID,  as shown i n  F igure 5 . 2 .  The total pipe lengths of exist ing water 
network were calculated to be 8 .042 .23 meters. The distribution network ( ON )  pipe 
of size 1 50 mm has a total length of 7,539.95 meter . 0 200 mrn pipe has a length 
of 422 .8  meters and D 300 mm pipe has a length of 79.48 meters. The duct i le iron 
pipes were used in the distribution network. Table 5 . 2  shows the different 
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di tribution network pipe egments ( pipe ID a shov,:n in  Figure 5 . 2 )  and their 











1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
20 






2 7  
28  
19 
3 0  
3 1  
3 2  
Table 5 . 2 :  Deta i l  of pipe size, length and material ( ource: AADC ) 
P ipe I D  Length ( m )  ize ( mm )  Pipe Material 
P- 1 1 00.00 300 Ducti le I ron 
P-2 232 .04 200 Duct i le  Iron 
P-3 9 .98 200 Ducti le I ron 
P-4 1 60 .26 200 Ducti le I ron 
P-5 2 . 3 8  1 50 Duct i le I ron 
P-6 3 54 .92 1 50 Ducti le I ron 
P-7 1 05 .3 0  1 50 Ducti le I ron 
P-8 3 54 .9 1 1 50 Ducti le I ron 
P-9 1 05 .97 1 50 Ducti le I ron 
P- 1 0  2 1 .00 1 50 Ducti le I ron 
P- 1 1 1 05 .97 1 50 Ducti le I ron 
P- 1 2  763 . 8 1 1 50 Ducti le I ron 
P- 1 3  764.00 1 50 Ducti le I ron 
P- 1 4  764.00 1 50 Ducti le Iron 
P- 1 5  25 .67  1 50 Ducti le  I ron 
P- 1 6  1 05 .97 1 50 Ducti le I ron 
P- 1 7  2 1 .00 1 50 Ducti le I ron 
P- 1 8  1 05 .97 1 50 Ducti le I ron 
P- 1 9  3 5 0.93 1 50 Ducti le  I ron 
P-20 25 .67  1 50 Ducti le I ron 
P-2 1 1 05 .97 1 50 Ducti le I ron 
P-22 2 1 .00 1 50 Ducti le I ron 
P-23 1 05 .97 1 50 Ducti le I ron 
P-24 344.95 1 50 Ducti le I ron 
P-25 1 05 .20 1 50 Ducti le I ron 
P-26 354.9 1 1 50 Duct i le  Iron 
P-27 I 05 .97 1 50 Ducti le I ron 
P-28 2 1 .00 1 50 Ducti le I ron 
P-29 1 05 .97 1 50 Ducti le Iron 
P-30 763 . 85  1 50 Ducti le I ron 
P-3 1 763 . 85  1 50 Ducti le I ron 
P-32 763 . 8 1  1 50 Ducti le Iron 
5.4.3 Deta i l  of \Vater  etw ork J u nct ion a nd Elevat ion 
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imi lar t the pipe length,  the elevation data of existing pipe l ine were also 
c l lected from the D a bui l t  profi le  drawi ngs. The laid pipel ines· elevation 
deta i l  at  each junction wa recorded and marked with a unique junction ID  ( Figure 
5 . 2 )  in order to u e in the h draul ic  model ing of the existing water di stribution 
netv, ork. Table 5 . 3  how the detai ls  of pipe and junction elevations along with their 
flov. rat cenarios. 
F igure 5 .2 :  Layout of EPANET junctions and pipes 
5.5 Hydra u l ic  M odel ing of Exis t ing Water N etwork 
To perfonn the hydraul ic s imulation of the exist ing water network, the 
junctions m the as bui l t  drawing are considered as the nodes and each node i s  
identified by  a unique I D. The nodes ' elevation is obtained from the AADC l ines 
profile drawings as mentioned in Table 5 . 3 .  theses elevations are used to input data 
i n  the E P  ANET. Further, the whole year's actual water consumption is converted 
i nto 1/sec and used as water consumption by dividing at each node equal ly ,  except the 
nodes used for tee, e lbow. reducer and network boundary as described in Table 5 . 3 .  
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Tab! 5 . 3 : Detai l  of pipe . their ID and junction ' elevation ( ource: AADC ) 
N1 de Elevation Junction Demand ( Lisee ) 
Remarks 
I D  ( m )  Scenario- 1 Scenario-2 Scenario-3 
DM 24 1 .232 0 .000 0.000 0.000 Boundary Node 
J- 1 24 1 .5�5 0 .000 0 .000 0 .000 T - Junction 
J -2 24_ .522 0 .000 0 .000 0.000 Reducer 200x I �a  
J -3  242 . 533  1 . 72 Ll ec 1 .63 Lisee 1 . 55 Lisee 
J-4 24., .459 0 .000 0 .000 0 .000 Elbow 
J-5 243 . 75 1 0 .000 0.000 0 .000 Elbow 
J-6 240. 845 1 . 72 Ll ec 1 .63 Lisee 1 . 55 Lisee 
J -7  240.839 0 .000 0 .000 0.000 Reducer 200x 1 50 
J -8  239.26 1 0 .000 0 .000 0 .000 E lbow 
J -9 238 . 7 1 6  0.000 0 .000 0.000 E lbow 
J- 1 0  23 7.496 1 . 72 Lisee 1 .63 Lisee 1 . 55 Lisee 
J - 1 1 237 . 8 1 0  1 . 72 Lisee 1 .63 Lisee 1 . 55 Lisee 
J - 1 2 237 .88 1 1 . 72 Lisee 1 .63 Ll ec 1 . 55  Lisee 
J - 1 3  238 . 330  1 . 72 Lisee 1 .63 Lisee 1 . 55  Lisee 
J- 1 4  24 1 . 1 74 1 . 72  Ll ee 1 .63 Lisee 1 . 55  Lisee 
J- 1 5  24 1 . 1 74 1 . 72 Lisee 1 .63 Lisee 1 . 55  Lisee 
J- 1 6  24 1 .43 1 1 . 72 Lisee 1 .63 Lisee 1 . 55 Lisee 
J - 1 7 24 1 .47 1 0 .000 0.000 0 .000 E lbow 
J - 1 8  242.765 0 .000 0 .000 0.000 E lbow 
J- 1 9  243 . 1 65 1 . 72 Lisee 1 .63 Lisee 1 . 55  Lisee 
J-20 242. 790 1 . 72 Lisee 1 .63 Lisee 1 . 55  Lisee 
J-2 1 242. 700 1 . 72 Lisee 1 .63 Lisee 1 . 55 Lisee 
J-22 245 .508  1 . 72 Lisee 1 .63 Lisee 1 . 55  Lisee 
J-23 245 . 6 1 8  1 . 72 Lisee 1 .63 Lisee 1 . 55  Lisee 
J-24 245 . 6 1 8  1 . 72 Lisee 1 .63 Lisee 1 . 55  Lisee 
J-25 242. 1 99 1 . 72 Lisee 1 .63 Lisee 1 . 55  Lisee 
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5.5. 1 The  E PA ET oftware 
The E P  T software i s  e a  y t o  use and wid ! y  used for water network and 
) t m ' s  hydraul ic analy i and performance eval uation. It v as developed b the 
. . Em i ronmenta! Pr tect ion gency's ational Risk Management Research 
Laborator) and fr e ly avai lable at the EPA web site ( www.epa.gov) .  The 
oftv.are can compute flo\-v . pres ure. residual chlorine and water age by simulat ing 
the hydraul ic condit ion of the water network . The EPA ET Version 2 was used in 
thi tudy . 
5.5.2 election of H ead Lo e Equation 
The Hazen-Wi l l iams equation wa u ed in the EPANET software for water 
network model ing because it pro ides an empi rical formula that is eas to calculate 
the flov. friction lo due to pipe physical properties. The equation simply shows the 
relation between mean elocity of water in a pipe and the geometric properties of the 
p ipe and slope of the energy l i ne. 
( 5 . 1 )  
Where T '  i s  velocity (m/sec ) .  k i s  a conversion factor (k  = 0. 849 for S I  units) ,  C is a 
roughness coefficient. R i s  the hydraul ic radius i n  meter and S is the slope of the 
energy l i ne ( head loss per length of pipe or hr/L ). 
The Manning's  formula was also used to estimate the average flow veloci ty 
i n  a conduit/pipe. 
V= (kin) R
213S w ( 5 .2 )  
Where V is the cross-sectional average velocity ( LIT: ft/s, m/s) .  n 1s  Manni
ng 
coefficient. R is the hydraul ic  radius (L ;  ft,  m), S is the slope of the hydraul ic
 grade 
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( , = h/L)  and k i a com·er ion factor betw en I and Engl i h units. k= l for I uni t  . 
and k = 1 .49 for Engl ish unit . 
The Darcy- ei bach equation wa u ed to calculate the pipe head lo e due 
to friction along a giwn 1 ngth over the averag flow velocity of the fluid. This 
equation ha a d imensionless fri ction factor, hich is  known as Darcy friction factor 
and calculated b) u ing the Moody diagram. 
hr=fo(LID)* ( V2/2g )  ( 5 . 3 )  
where hr is  the head lo due to friction ( I units: m). L i s the length of the pipe (m) ,  
D i the hydraul ic d iameter of the pipe (m), V is the average flow elocity ( m/s), g i 
the local accelerat ion due to gravity ( m/ 2 )  and fo is a dimensionless coefficient 
cal led the Darcy friction factor. 
5.5.3 Water Con u m pt ion Pat tern 
The water consumption pattern i s  one of the essential input data requirements 
for t ime series analysis i n  the EPA ET software. The hourly consumption pattern 
provides the water requirement at each node at any t ime during the day, which help 
to manage the operation of water distribution system. The hourly water consumption 
pattern ( sho·wn in Table 5 .4 )  was col lected from the historical water consumption 
data and \ as a ai lable at the AADC pumping stat ion for the month of August 20 1 3 . 
The reason to choose the month of August consumption is that data were avail able 
for that month and significant variat ions among d ifferent months are not general ly 
observed for d iurnal variation of water consumption. 
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Table  � .4 :  Diurnal pattern of water con umption and pressure record 
( ource : ADC) 
Set  pre sure at  the 
Actual flow Consumption pattern 
Date and t ime pumping tat ion 
( bar) 
( 1 00m3/h ) ( at 1 00 m3/h et flo\ ) 
8/1 2/ 1 3 1 : 00 PM 1 .  1 04 1 .04 
81 1 21 1 3  2 :00 PM 1 .5 1 05 1 .04 
81 1 2/ 1 3 3 :00 PM 1 . 5 1 03 1 .03 
8/ 1 21 1 3 4 :00 PM 1 . 5 1 04 1 .04 
8t l 2 ' 1 3 5 :00 PM 1 . 5 1 06 1 .06 
81 1 21 1 3  6 :00 PM 1 . 5 92 0.92 
811 21 1 3 7 :00 p 1 1 . 5 93 0.93 
81 1 2/ 1 3 8 :00 P M  1 .5 88 0 .88 
811 2/ 1 3  9 :00 P M  1 . 5 95 0.95 
8/ L/ 1 3 1 0 :00 PM 1 . 5 96 0.96 
8 L :U 1 3 1 1 :00 PM 1 . 5 97 0.97 
8 1 3/ 1 3 1 2 :00 A M  1 .5 98 0.98 
8/1 31 1 3  1 :00 AM 1 . 5 98 0.98 
8/1 31 1 3  2 : 00 A M  1 . 5 97 0 .97 
81 1 3/ 1 3  3 :00 AM 1 . 5 95 0.95 
8/1 3/ 1 3 4 :00 AM 1 . 5 96 0 .96 
8/ 1 3 / 1 3 5 :00 A M  1 .5 97 0 .97 
8/1 3/ 1 3 6 : 00 AM 1 .5 1 08 1 .08 
8/ 1 3/ 1 3 7 :00 A M  1 . 5 1 06 1 .06 
8/1 3 / 1 3 8 : 00 A M  1 . 5 1 04 1 .04 
8/1 31 1 3  9 :00 AM 1 . 5 1 06 1 .06 
81 1 31 1 3  1 0 :00 A M  1 . 5 1 05 1 . 05 
811 3/ 1 3 1 1 :00 A M  1 . 5 1 04 1 .04 
81 1 3/ 1 3 1 2 :00 Noon 1 . 5 1 05 1 .05 
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Table 5.4 hov. the actual on umption pattern and pressure. which wa u ed 
anal_ i the real t ime d mand of water di tribution net\ ork and to understand any 
h) draul ic  comple it · .  Table 5 .4  hews two distinct diurnal pattern of water 
con umption. from 6 :00 M to :00 P the average hourly flow is 1 05 m3 wherea 
from 6 :00 PM to � :00 M the a erage hourly flow is 95 m3• Thi indicates that 
v;ater con umption in da 1ime is about 1 1 % higher than the consumption at night . 
5.5A E PA N ET M odel ing M ethodology 
The E PA ET ofu are usua l l  work based on the pipes. nodes or  junctions 
and re en oir . but i t  can provide adequate analysis and re ult of hydraul ic model for 
d ifferent scenario or conditions. The hydraul ic model used for this stud was 
developed on the ex isting ' ater network that makes the data input for possible 
reduct ion in consumption and save the munic ipal water by using the fol lowing steps: 
tep # 1 :  The EPA ET program was opened, the length and elevat ion. flow 
and pressure uni ts were selected i n  l iter per second and meter pressure respecti ely. 
tep # 2: The water network map was imported as a background and the 
distribution p ipe l ine network was drawn to represent the actual pipes and junction 
layout . 
S tep # 3 :  The Hazen-Wi l l iams equation was selected for hydraul ic simulation 
and the Hazen-W i l l iams co-efficient for pipe roughness of 1 30 was used for ducti le 
i ron new pipes in  the study area. 
Step # 4: The length. d iameter and roughness coefficient of all pipe segments 
were entered according to the data obtained from the AADC as bui l t  drawings. 
Step # 5 :  The existing pressure of 1 . 5 bar at the source was entered in the 
F ixed Grade Node or boundary node in addit ion to the elevation. 
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tep # 6 :  The elevation of all j unctions wa entered according to the AADC 
a bui lt profile dra\\ ing and the demand for every junction was entered according to 
ection 5 .4 .4 .  
tep # 7 :  The water nem·ork operation method was de cribed b choosing 
the tead) tat and time extend period conditions and the model hydraul ic  analysis 
option v.;a elected. fter completion of the above tep 1 to 7. the input data were 
rechecked for an_ mi  ing data. 
tep # 8 :  The model \\ as run for hydraul ic simulation. After successful run 
the modeL t im erie graphs for pressure and flow elocity were drawn. The 
tabulated re ults ,,·ere a!  o prepared for evaluat ion of optimal selection. 
The sy tem control val es were not included in the EPA ET la out for 
imulation. thi i s  because the consumption was calculated at customer receiving 
point and hydraul i c  head and l i ne losses were excluded. 
5.6 Hydraul ic M odel ing Re u lt 
The water consumption scenarios mentioned in Table 5 .3  were used for the 
hydraul ic  model ing simulation to ident ify the optimum water consumption quantity 
and to analyze the flow in each pipe and pressure at each j unction for the water 
distribution network. The e levation d ifferences of the water d istribution network are 
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F igure 5 . '' : E levation of , ater d istribution network in the E PANET 
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The hydraul ic  simulation identified the flow conditions i n  e er p1pe and 
pre ure at every node for d ifferent scenarios of water consumption management. 
f inor head losses in pipe segments are ignored in  developing the model because the 
demand is calculated from the customer meter and head losses due to fittings and 
valve are already calculated to be about 5% as mentioned in Chapter 4, section 4 .2 .  
5.6. 1 S i m u lation R esults of Scenario No. 1 
The scenario- ! i s  the current water consumption and the current water 
demand. and other model parameters ( elevation, pipe size, length )  are as mentioned 
in the above tables Table 5 . 2  and Table 5 . 3 ,  in order to obtain  the nodal pressure and 
pipe flow veloc it ies.  The graphical results are shovm in Figures 5 .4  to 5 . 7  (a - c )  and 
tabulated in Appendix - D. which shows that Node J-24 has the lowest pressure of 
9 .96 meters at 5 :00 am and the highest pressure of 1 8 .28 meters at 7 :00 pm for the 
node J- 1 0 . Further, the pipe segment P- 1 5  has the lowest veloci ty of 0 .02 m/s at 
1 2 : 00 am and the highest velocity of 0 .87  m/s in  P-5 at 5 :00 am. For al l  nodes. i t  i s  
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Figure 5 . 7 ( c ) :  velocity ( mls ) detai l  at Pipe P-3 1 to P-32 
Figure 5 . 7( a - c ) :  Scenario - l velocity ( m/s) deta i l s  at pipe P-2 1 to P-32 during 24 hours 
1.0 
5.6.2 i m u lat ion  Re u l t of c n a rio o.2 
9� 
The cenario-2 i imulated ba ed on the 5% reduction in  the current water 
c n umption or 35% of the indoor water consumption for ever i l la .  The ele ation. 
pipe ize. length and material roughne s were u ed as mentioned in chapter 4. The 
purpo e to understand th changes in  nodal pre ure and pipe v Jocities in  
compan on to the current \'Vater con umption . The resul ts are graphical l presented 
in Figure 5 . 8  to 5 . 1 1 ( a - c )  and tabulated in the Appendix- D. The nodal pressures 
and pipe \'elocit ies ho� that ode J -24 has the lowest pressure of 1 0 .02 meters at 
: :00 am and the highe t pres ure of 1 8 .29 meter occun·ed at 5 : OOpm for the node J-
1 0 . The pipe segment P- 1 5  has the velocity of 0 .02 rn/s at 1 2 :00 am and the highest 
\'e loc i ty of 0 .82 m/s occurred at 5 :00 am for the pipe segment of P-5.  
Pressnre ror "\odes l - 5 
1 3 8  
g 1 3 6
�=:-=�------====��--��--�=-� 5 1 3  4 
� 132 "- 13 0 
12 8 
1 2.6  
1 2. 4 -t--"-....,............._ __ �--�---__,.,-- --....,....._..,.....j 
1
22 t==��========:::::;::::=--====::j 1 2 0  0 1 2 3 • 5 6 7 8 9 1 0  1 1  12 13 14 15 1 6  1 7  18 19 20 21 22 23 24 
�me (hours) 
- Node J-1 
- Uode J-2 
- Node J-3 
- r�ode J-4 
- NGde J-5 
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5.6.3 i m u lat ion  Re ult of cen a rio  o.3 
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The cenario-3 i imulated ba ed on the 1 0% reduction in  the current water 
c n umption or 69% reduction of the indoor water consumption for every i l ia (which 
equivalent to 1 00% reuse of generated greywater) . The ele ation, pipe s ize, length 
and r ughne coeffic ient were u ed as same as scenariO 1 .  The results are 
graphical ly pre ented i n  Figure 5 . 1 2  to 5 . 1 5  ( a - c) and tabulated in Appendix- D for 
node and pipe . The result how that the node J-24 has the lowest pres ure of 1 0 .07 
meters at  - : 00 am and the highest pressure of 1 8 . 36  meters occurred at 7 :00 pm for 
the egment J - 1 0 . The Pipe P- 1 5  e hibited a veloci ty of 0 .02 m/s at 1 2 :00 am and the 
h ighe t velocity of 0 . 78  m/s at 5 :00 am for the pipe segment of P-5 . 
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Figure 5 . 1 3  ( a - d ) :  Scenario - 3 pressure ( m )  de
tai l at node J -6 to J -25 during 24 hours 
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Figure 5 . 1 4  ( a - d ) :  Scenario - 3 veloc ity ( tn/s ) detai l  at Pipe P- 1 to P-20 during 24 hours 
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Figure 5 . 1 5  ( a - c ) :  Scenario - 3 velocity ( mJs)  detai l  at Pipe P-2 1 to P-32 during 24 hours 
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5.7 Conclu  ion 
The model ing result indicate that reduc ing water consumption reduces the 
pre ure in the water network a pre ented in Figure 5 . 1 6  and the ma.ximurn veloci ty 
a] o reduc d. but lo� e t velocity remained the same as presented in  F igure 5 . 1 7 . After 
5° o r duction ( c nario-2 ) ,  the current consumption pressure was impro ed to 0 .60 % 
at the m inimum location ( J -24) and to 0 .055% at the maximum pressure location ( J -
I 0 ) .  Fm1her, when 1 0% of water consumption reduction ( scenario-3 ) was used, the 
pres ure was improved by 1 . 1 1 %  at the same low pressure point and 0.44% at the 
ame max imum pre sure node. Moreover, i t  is  to be noted that the increase in water 
network pre ure due to usage of greywater wi l l  not affect the water l i ne strength 
because AADC serv ice I ines have 1 00 meters design pressure and distribution l ines 
and fittings have 1 600 meter of design pressure. 
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F igure 5 . 1 6 : Node pressure improvement detai l  for d ifferent Scenarios 
S im i larly, the velocity was reduced by 5 . 75% at maximum point ( P-5 )  and 
lowest velocity remained the same ( P- 1 5 ). Correspondingly, when 1 0% of water 
l 0 I 
con umption reduction ( cenario-" )  wa used, flow ' eloci ty at the ma'<imum flow 





I inimum Veloc iry(m s) 1aximum Velocity (m/s) 
S = Scenario 
Figure 5 . 1 7 : F low elocity detai l for different scenarios 
The model i ng resul ts i nd icate that the reduction in municipal water 
con umption due to reuse of greywater for home garden i rrigation has positive 
impacts on the water di tribution network. such as the improved pressure wi l l  help to 
detect the water l eakage and dec l i ne i n  high veloc i ty wi l l  lessen the erosion of pipe 
l in ings and improve the water qual ity. Further, this approach wi l l  improve the 
minimum residual pressure and maintain the RSB recommended pressure of 1 2 . 5  m i n  
the network, in  addition to  save the municipal water, which can be used in  the water 
defici t  area i n  the region or to meet the future demand. 
h a pt e r  6 :  G reyw a te r  R e u  e Po t e n t i a l  a n d  E ffects  
6 . 1 I n troduction 
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The primar aim of thi research \ a to estimate the quantity of a\ ai lable 
gre) \vat r at the stud area and i ts potential t reu e for plantation and i rrigation for 
hom garden . Ther fore, the actual consumption of municipal water \ as measured 
d irect! from the household water meter to identi fy the water uses for indoor and 
outdoor activit ies and to e timate the quantit of wastewater from bath. s ink and 
shO\vers (grey\ ater) .  Th grey\ ater can be recaptured for outdoor uses, which can 
reduce the overal l  water con umption that lead to meet the l imit  set by the RSB 
guid l ines that the each i l l a  · consumption shou ld be not more than 5000 gal lons 
per day or 20 cubic meters per day . The Abu Dhabi Environment V ision 2030 for 
sustainable use of munic ipal \ ater has also set the same consumption l imit .  
6.2 Poten t ia l  of G reyw a ter Reuse i n  A b u  Dhabi  
The Environment Agency Abu Dhabi estimated that the per capita per day 
average water consumption is more than 500 l i ter in the Emirate and can vary from 
120 to more than 1 700 l i ter/capita/day (EAD, 2009) .  Results from this study show 
that the standard v i l l a  exi sts in the shabiyat at the study area has water 
consumptions between 263 to 3 ,577  l iters/capita/day (Table 4 .5 ) .  Further. this study 
estimated that only 1 5  to 20% of the total suppl ied water by the AADC return back 
to the sewerage treatment plant. A recent study done by Chowdhury et a!. (20 1 4) 
calculated that 69% of i ndoor consumed water can be col lected as greywater from 
every house. S imi larly the RSB reported that there are about 40 to 60% of 
greywater avai lable in indoor domestic water consumption that can be reused at 
home garden and plantation in the Emirate (RSB, 20 1 3) .  
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Re ult  from thi tud) how that if all greywater produced from the 
shO\\ er, bathtubs. abluti n, wash basin and laundry recaptured and reused for home 
garden i rr igat ion, a max imum of 1 0% of the total water consumption can be 
reduced tlu·oughout the ear \ ithout interrupt the tradit ion and l iving style of the 
re ident and without affecting the ex isting water networks' hydraul ic  perf01mances. 
imi larly, if hal f  of gr Y\  ater be reused, about 5% of total water consumption can 
be deer a d .  As far as the public acceptance is concerned, the survey results 
indicate that about 86° o of residents are agreed to reuse the greywater for their  
home garden ubject to the condition that the greywater does not have any "najees· ·  
substance (not acceptable  from a rel igious point of view) which means pa11 icles of 
black water ( faeces) and i t  is  less pol luted . 
Greywater reuse is an economical and environmental friendly alternative 
option for home garden i rrigation.  This study evaluated that Abu Dhabi Emirate has 
ubstantial potential of greywater reuse, s ince UAE national have a passion and 
love to have home garden and to grow plantation around their houses. And the 
reuse of greywater can p lay an important part to fulfi l l  the threshold for municipal  
water reduction requirements of the Environment Vis ion 2030 which aims to 
reduce about hal f of current domesti c  water consumption by 2030. However, only 
greywater reuse i s  not suffic ient enough to achieve this target. This is  because 
about 80% of water is used for outdoor activit ies in typical v i l l a  type houses. 
Another al ternative option is to reuse treated sewage effluent (TSE)  for home 
i rrigation, but this requires the establ i shment of extensive pipe networks. 
6.3 Q u a n t i fica t ion  of G reyw ater  Reu e Benefit i n  Abu Dhabi  
6.3. 1 Eco n o m ic Benefit in A b u  D habi  
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The greywater is reused in  many parts of the world because each domestic 
c nsumer has a con iderable amount of greywater. which can be reused for non­
dome tic purpo e at hou e . The uti l ization of greyv ater lessens the pressure to 
bui ld up nC\\ water ystems to meet the ' ater demand ( Li et a!. . 20 I 0 ) .  The Abu 
Dhabi emirate depend on the e, pensi e desa l inated water due to the depleting 
\\ ater re ource and increa ing water demand. In such c i rcumstances. greywater 
reuse for plantat ion and home gardens can prov ide an opportunity to reduce the 
O\ era! I water consumption ' i thout affecting the l i fe style and routine water uses 
activit ie and extraction of greywater from water network wi l l  not affect the 
hydraul ic  perfonnance of exist ing water pipes. 
Previous studies i ndicated that greywater reuse reduces the domestic 
con umption and thereby can save water bi l ls  to customers. Reuse of greywater can 
improve the water suppl system by reducing water treatment costs and water l ine 
leakage due to h igh pressure during off peak period ( Li et a!. , 20 I 0) .  In  Chapter-S,  
i t  i s  shown that up to 1 0% of total suppl ied munic ipal water can be saved from 
greywater reuse scheme for home garden i rrigat ion. The quanti ty of munic ipal 
water consumption sa ing by reuse of greywater is  shown in Table 6 . 1 .  
Table 6 . 1 :  Quanti fication of grcywatcr reuse bene fits 
Saving of electric i ty due 
Saving of munic ipal water Nos. of people can be 
AI Ain water demand forecast to greywater reuse based 
by ADWEc
• t by reusing the greywater served with saved water 
on 2 .3kWh •2 per m3 of 
( l i ter) based on 500 1/p/c/d 
water (kWh) 
Water Quantity Scenario -2 Scenario -3 
Scenario - Scenario - Scenario -
Year (5% ( 1 0% Scenario -3 
MIGD Li ters I day 2 .., 2 .) 
reduction) reduction) 
20 1 5  35 1 I ,593 ,540,000 79,677,000 1 59,3 54,000 1 59,354 3 1 8 ,708 1 83 ,257  366,5 1 � 
20 1 6  3 5 8  1 ,625 ,320,000 8 1 ,266,000 1 62,532,000 1 62 ,532 325,064 1 86,9 1 2  373 ,824 
20 1 7  365 1 ,657, 1 00,000 82,855 ,000 1 65 ,7 1 0,000 1 65 ,7 1 0  33 1 ,420 1 90,567 3 8 1 1 33 
20 1 8  3 7 1  1 ,684,340,000 84,2 1 7,000 1 68,434,000 1 68,434 336,868 1 93 ,699 387,398 
20 1 9  3 78 1 ,7 1 6, 1 20,000 85,806,000 1 7 1 ,6 1 2 ,000 1 7 1 ,6 1 2  343 ,224 1 97,354 394,708 
2020 3 8 1 1 ,729,740,000 86,487,000 1 72 ,974,000 1 72,974 345,948 1 98,920 397,840 
MIGD = Million Imperial gallons per day 
*i A D WEC Statement of Future Capacity Requirements 2008 - 2030 
*2 Dawoud and A !  Afulla (20 1 2) 
Nos. of houses can be 
served \\ i th sm ed 
electric i ty based on 1 20 
kWh dai ly  
Scenario -
'") 
1 ,527  
I . 558  
I , 588  







3 , 1 1 5  
3 , 1 76 
3 ,228 
3 ,289 
3,3 1 5  
0 VI 
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The fi reca ted demand by D EC based on the mo t l i kely trend for 1 
Ain ( ADWEC,  2008) i used in  Table 6 . 1 to calculate municipal water m ings by 
impkmentation of the ccnmio-2 (extraction of 50% greywater) and scenmio-3 
(extraction of 1 00% gre 'water), described in  the Chapter-S .  The above results 
demon trate that cenario-2, \ hich is projected based on to implement 50% 
a\ a i lable greywater reuse for home garden irrigat ion can save about 79 mi l l ion 
l i ter of municipal water, wh ich is sufficient for addit ional more than 1 59,000 
people at the rate of 500 l i ter per person per day. Moreover, it wi l l  also save the 
1 80,000 k\ h e lectric i ty dai l , which is  sufficient to serve the addi tional 1 ,500 
t) pica! tandard v i l las in the AI  Ain .  imi larly, implementat ion of scenario-3 
double this \Vater and e lectricity bene fi ts in  AI Ain .  
6.3 .2  E nY i ro n menta l  Ben efit in  Abu D habi  
The municipal water consumption was sign ificantly increased during the 
last few decades in the UAE due to rapid population growth and increase of 
visitors, expansion of i ndustries, agricul tural expansion and desert greening 
pol ic ies. In order to o ercome the water shortage problems, the UAE i s  primari ly 
dependent on expensive desa l ination projects to achieve the current and future 
water demand. It is estimated that UAE occupies the world s 35% of desal i nation 
projects that are not only expensive but also have adverse effects on the 
environment ( Dawoud and AI  Mul la, 20 1 2 ) .  
The desa l inated water production requires huge amount of energy to 
operate i ts  p lant and pumps. It  was estimated that the lowest amount of energy 
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required to produce 1 1113 of municipal \Yater i s  about 2 to 2 . 3  KWh. \'v hich pol lute 
the air through emission of C02 ( Dav, oud and AI !lul l  a,  20 1 2 ) .  
There i about 2 m1 of brine water generates from the production of 1 1113 of 
de a l inated municipal \\ at cr. The brine water is  di charged into the sea ( rabian 
Gulf) that not on!;  increa ·e the average sal inity level of sea water from 45 ppm 
up to 5 5  ppm. but rai e the normal temperature from 3 5  °C up to 42 °C . On the 
other hand, heavy metal uch a copper, nickel and other al loy concentrations in 
the sea water ma; increa e from about 0 . 1 flg/L to 1 5  flg/L, which are used in the 
heat e'changer in the di  t i l lation plant ( Dawoud and AI Mul la ,  20 1 2) .  
Therefore,  reu e of gr y\\'ater can reduce adequate amount of energy and 
maintenance expend iture of desal inat ion plants. It was shown that i f  greywater 
reu e cenarios 2 and 3 ( 5° o and 1 0% of total water consumption savings) are 
appl ied in the Emirate, the environmental problems associated with desal ination 
plants would be reduced sign ificant ly .  This wi l l  be a valuable gain towards 
sustainab i l i ty and to stabi l ize the i ncreasing water consumption in the UAE. 
6A G reywater  Q u a l ity 
The greywater qual i ty vanes from house to house, which depends on 
l i festyle or hygienic habits and chemicals such as detergents and bath soaps used. 
General ly the requirements of water qual i ty depend on their uses and the irrigation 
water does not require high qual i ty standard as drinking water. Kitchen 
wastewater which contains o iL fats and grease, and food waste is  excluded from 
greywater i n  U A E  in  order to reduce the biological risks. Residential wastewater 
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sourced from baths, hov .. er . wash ba ins, laundl) and ablution are con idered a 
gre) \\ ater in  
General ! _ , the aesthet ic look of greywater is  objectionable due to high 
le\ el of di o l \'ed sub ta11ces. The impuri t ies or pol lutants pre ent in greywater 
make them un afe for using without treatment particularly the heal th risks and 
environmental hazard as oc iated with their reuse without treatment . However, 
the proper torage tank and suitable on-site treatment system can improve thei r 
qual i t  · and acceptance le el ( F riedler and Hadari , 2006). The treated greywater 
can prov ide the confidence to the users to ut i l i ze i ts potential ( Li et a!. . 20 1 0) .  
comparati e qual i ty review of greyv•ater is  presented in  Table 6 .2 and 
6 . .., in order to check whether the greywater is compl iance with the qual i ty 
tandard . The purpose i s  to provide this information about qual i ty parameters, 
\ hich can sat isfy the users to ut i l ize it in home gardens. Thus, a research results 
on greywater qual i ty  from Omani houses i s  compared with the RSB and Dubai 
municipal ity treated \ astewater reuse regulation. 
Table 6 .2 :  Chemical and physical qual i ty comparison of Greywater 
RSB drinking RSB treated 
Recyc le water l imi t  
Qual i ty Parameter Unit  
water qual i ty
* 
1 wastewater qual i t/2 for irrigation use
·3 
Drip Spray 
pH 7 .0 - 9.2 6 - 9  6 .0 - 8 .0  6 .0 - 8 .0  
DO (Dissolved Oxygen)  mg/1 � 3 
EC (Electric Conductivity )  mS/m 
Alkal in i ty mg/1 
N03 (Ni trate) mg/1 50 40 50  30  
TS mg/1 
TSS mg/1 50 50 1 0  
TDS mg/1 1 00 - 1 000 1 500 1 500 1 000 
TFS mg/1 
TVS mg/1 
Turbidity NTU 4 75 
BODs mg/1 50 20 1 0  
COD mg/1 1 00 1 00 50 
TOC mg/1 75 
Ca mg/1 
Na (Sodium) mg/1 1 50 500 200 
K (Potassium) mg/1 1 2  
-
Greywater qual i ty in  
Omani houses ' ..J  
Shower Laundry Sink 
7 .3  8 .5  7 .2  
3 .6  3 .4  ..f 
2 3 . 5  1 . 4 
1 3 . 3  32 . 7  l ..f  . ..f 
23 .6  1 6 .2  1 0 .2 
520 2384 679 
242 244 3 1 8  
2 79 2 1 40 36 1 
1 74 1 22 1  28 1 
346 649 397 
346 328 2 1 1 
3 80 296 1 00 
3 75 47 1 1 1 0 
66 1 70 63 
1 5 . 7  1 8 . 7  1 9 . 7  
1 84 .5  667 1 48.9 
43 . 1 23 .4 5 . 5  










Table 6 .3 : B iological and heavy metal qual ity comparison of Grcywatcr 
Qual ity RSB l imi t  for RSB treated 
Recyc le water l imi t  for Greywater qual i t} at Omani 
Parameter 
Unit  
drinking water * I  wastewater qual i ty
·2 
Mg (Magnesiwn)  mg/1 
Zn (Zinc) mg/1 
AI (  A luminum) mg/1 
Pb ( lead ) mg/1 
Cu (Copper) mg/1 
N i  (Nickel) mg/1 
Total Col i  fonn M PN/ l OOml 
Faecal Coli form MPN! l OOml 
*J, Source: Water Quality Regulation 2 0 1 3  
3 0  
0 .5  
0 .2  
0 . 1 
l 
0 . 1 
0 
0 
*2• Source: Recycled water and Bio-solids Regulation 2 0 1 0  
0 .5  
20 
0 . 1 
0 .5  
1 0  
1 000 
1 000 
irrigation use *3 houses
· 1 
Drip Spray Shower Laundry Sink 
1 00 1 00 56 . 1 60.8 2 1  
0 .5  0 .2 2 .4 0. 1 4  0.04 
2 2 0 .0 1 4  0.08 0 .0 1 
0 .5  0 .5  0. 1 0 .08 0 .06 
0.2 0.2 0.0 1 0 .0 1 -
0.2 0 .2 0 .035 0. 1 2  0 .04 
2: 200 2: 200 2: 200 
20 0 2: 200 2: 200 2: 200 
*J, Source: Water Environmental Regulations; Environmental Regulation No. : EN/002, 1 sf Edition July 2 0 1 0, (EHS) DIVISION 
*4, Source: Overcoming constraints in treated greywater reuse in Oman; Desalination 1 86 (2005) 1 77-1 86 
•s, A greywater sample (mixture of bath, sink and laundry 1vater) ·was taken ji·om the study area and tested at UAEU Lab 
Sample
· � 




Table 6 .2  and 6 .  h '" three water qual ity standard m 
I l l  
E and 
gre) water qual it; re•mlts from previous stud ies in Oman and a sample mi. ed 
greywater qual it; rc u l t .  Due to l imitations of the thesi s scope, detai led greY\ ater 
qual i t) anal y ses \\ ere n t perfom1ed, but one bulk sample of greywater, which 
\\ a consisted f equal proport ions of bath, wash basin and laundry wastewater 
mi ture. \\ a col lected from the study area and the avai lable qual i t  tests were 
performed in the E niver i ty laboratory and results are mentioned in the 
Table' 6 .2 and 6 . 3 .  Fut1her, I t  is  observed from the table 6.3 that greyv,rater qual i ty 
i acceptable \\ ith regard to the heavy metals,  but exceeded the col i form l imit .  
Table 6 .2 how that the majority of chemical and physical qual i ty parameters of 
greywater i \\ i thin the acceptable l imit for their  reuse in home gardens. The 
parameters that exceed the l imi t  need to be control led by appropriate treatment 
mechanisms. Previous studies infom1ed that suspended part ic les and organic 
matters m greywater can be remo ed through fi l tration and chlorine dose is 
required for dis infection of microorganisms (L i  et al. , 2 0 1 0) .  However, i t  can be 
noticed from the compari son results of UAE and Oman greywater, these results 
indicate that the qual i ty of greywater in the UAE is much better than Oman, most 
obvious reasons of greywater qual i ty in the UAE is better because of better 
infrastructure of water supply system and high standard of municipal  water 
qual i ty .  
Therefore. i t  IS  recommended to i nsta l l  on-site treatment system for 
greywater reuse scheme and the question related to bearing the cost of treatment 
system was inc luded in the questionnaire survey, which shows that about 7 1 %  of 
respondents would l ike to instal l the greywater treatment system by the 
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go\ cmment at thei r  hou . Therefore. ome ort of government rebate to v i l la 
O\\ ncr can b an effecti \ 'e option to encourage them to in tal l  greywater scheme. 
6.5 E ffect of G reyw ater  Reu e o n Down t rea m ewer 
The dome t ic wa tewat r i the main source of sewer flow. ewer flov,. 
comes fr m indoor w ater con umption and it was found in  the study that about 
on!) 1 5  to 20°-� of the total wat r is used in indoor acti i t ies. It is obvious that the 
appl ication of gre_ water on- ite reuse wi l l  reduce the munic ipal water 
consumption for each house, vvhich wi l l  not only help to decrease the water 
con ·umption but a lso al leviate the sewer load on treatment plants (A I  Wabel . 
20 1 1  ) .  On the other hand. this dec l ine in wastewater discharge may affect the 
evver flovv and can increase the ri sk of sewer l i nes c logging. S imi larly. 
wa tewater treatm nt plant may experience to deal with dense sewer loads that 
require frequent remo a! of s ludges ( Friedler and Hadari 2006) .  
The main purpo e to assess the effects of greywater reuse on the sewer 
J ines and treatment plant is to review d ifferent a pects of flow reduction and bui ld 
up of dense s ludge. Therefore. the A DSSC wastewater treatment plant was visited 
in the study area i n  order to obtain the requi red information and to discuss with 
the plant operation engineer to evaluate these effects on the sewer l ine .  
After extract ion of greywater, the sewerage treatment plant wi l l  receive a 
s imi lar load with more concentrated substances due to less flow, the bowler wi l l  
consume the same an1ount of e lectric i ty because the same load needs the  same 
amount of oxygen. But hydraul ic  retention t ime ( H RT) in the aeration tanks wi l l  
b e  more than usua l . Further, some equipment may become oversize due to 
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reduction in the I ad and a cended peed in  the ett lcment tank. imi larly, se\\ er 
l ine'  hydraul ic  retention time ( I lRT)  wi l l  also increase and sewer water sol id  
contents rna ett le due to long retention time and less se' er  v ater port ion. 
Moreover. pr longed H R T  is uitable for anaerobic bacteria growth and more t ime 
trigg r the anaerobi proce . which can produce odor in the gravi ty l i ne. 
Further, the effect of gre water reuse can be evaluated by estimating the 
average dai l }  Blackwater and K itchen wastewater volume generated during a 24 
h ur period and enter into the sewer system . The recent study done by the UAE 
niver ity estimated that average dai ly  \\ ater consumption by each person for 
toi let t1ush is  " 9  l i ter and for dishwashing the munic ipal \ ater consumption in  44 
l i ter per per on dai l y  in  A I  Ain (Chowdhury et a!. , 20 1 4 ) .  Which indicate that 
each person produce the 83  l i ters dai ly  of wa tewater that discharge in the sewer 
l i ne except the greywater. On the other hand, the Abu Dhabi Sewer Service 
Company ( DSSC)  guide l i nes for design of se' er l i nes recommend the design 
criteria is  1 80 l i ters per head sewer in t1ow for low cost residential houses 
(AD SC.  Design Guidel ines, 2008) . Hence, it can be concluded that if 1 00% 
avai lable greywater u t i l ize then the average dai ly  sewer flow rate wi l l  be 50% 
(83::::::90 l iters/head) of the design t1ow rate, which i s  1 80 l i ters/head dai ly .  
Therefore. 1 00% recapturing of  greywater, which i s  1 92 l i ters per head per day 
(Chowdhury et a!. , 20 1 4  ), can l ead to effect the sewer l i ne flow, but hal f of th is  
avai lable greywater i n  the study area can be uti l i zed without a l tering the exist ing 
system. 
I n  addit ion to these, there is  a possibi l i ty of odor and bui ld up of dense 
sewer due to recapture of greywater and these effects can be minimized by proper 
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operation and maintenance f ewer net-vvork and treatment plant. I t  wa noticed 
that the majority of e\\·er flow i acceptable close to their de ign capacity in  the 
Emirate and the D C tati tic hov s that only 56 .3% treated water is  used for 
l andscaping and --13 . 7% of treated sewer water i s  di posed to the sea ( Arabian 
Gu lf) in the bu Dhabi Emirate ( E  D, 2009) .  o, i t  can be presumed that 
reduction of ewer flO\v due to gr ) vater reuse wi l l  not affect the ewer system, 
but a deta i l  study hou ld be done to find out the spec i fic  facts. 
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C h a pte r  7 :  Co nc l u s i o n  a n d  Reco m m e n d a tion  
7. 1 onc lu  ion 
The aim of this study wa to evaluate th greywater reuse potential for home 
garden i rrigat ion, \\ hich can reduce the increasing municipal water consumption in 
the Emirate of bu Dhabi . The bu Dhabi Emirate i located in arid zone, it ha 
l es than 1 00 mm of annual rainfal l  and a very l imited surface and ground water 
re ource . vvhich force th authori ties to depend on expensive desalinated water. In  
contrar; . the p r capita munic ipal water consumption in UAE i s  one of the highest 
in the \\ Orld. 
Th rea on b hind such a high consumption is the use of municipal water 
for outdoor act ivit i  s and it v as ident ified in the study area that about 97% of 
residential v i l l as are using municipal water for home garden i rrigation. Water 
con umption pattern of 1 00 houses ( i l l  a type) was analyzed in this study. By 
comparing the actual v ater consumption of every house and the wastewater 
received at the sewer treatment plant, it was found that about 20% of the total 
munic ipal  water returned back to the downstream sewer system (which indicates 
that indoor water consumption is approximately  20%) and the remaining 80% of 
the total water i s  used for outdoor act ivi t ies. Statistical analyses of water 
consumption data and the number of fami ly members in each house were 
conducted, which ind icates that high water consumption in tradit ional UAE vi l la  
type houses i s  not  dependents on the number of fami ly  members at the house rather 
it is connected to the outdoor water consumptions for gardening and plantation. I n  
the study area, the s izes of  every plot and actual bui ld ing area are 2050 m2 and 700 
1 1 6 
m2• resp ct iv e l: . Thi indicate that about 2/3rd of each plot is occupied with 
p lantat ion and garden and consum almost 80% of total suppl ied water. 
onsid ring the c ircumstances of huge water consumption and less 
m.ai labi l i t; of \Vater resources in  AE, water consumption management and 
augmentati n of uppl; urces are of particular interest in the UAE. Gre water, 
the resident ial waste\\ ater exc pt toi let  and kitchen ources, has been investigated 
in man water scarce countries a an alternative water sources for non-domestic 
con umptions such a garden ing and toi let flushing. Consequently, tll is  study 
im e t igated the pot ntial of greywater harvesting in tradit ional UAE vi l las in order 
to curb th high water consumption and to achieve the sustainabi l ity according to 
the Abu Dhabi Environmental V i sion 2030.  
The hydraul ic  simulation of the water network in the study area comprises 
of 1 00 v i l l a  type hou es ' as conducted using the E P  ANET model ing software. 
Three scenarios of greywater extraction were considered in the study, they were 
scenario - 1  ( no extraction of greywater), scenario-2 (50% extraction of greywater 
which wi l l  reduce total water consumption by 5%) and scenario-3 (1 00% greywater 
extraction which wi l l  reduce total water consumption by 1 0%). For both scenarios 2 
and 3 ,  mode l ing outcomes show positive effects and support the assumption of 
water consumption reduced by reusi ng greywater. The model ing results i ndicate 
that there wi l l  be sufficient improvement in the network hydraul ics when scenario-
2 was appl ied by reduc ing the 5% of the total current water consumption (which 
means u ti l i zation of only 50% of avai l able greywater or 3 5% of the indoor 
domestic wastewater), the pressure in the network was improved by 0.60% pressure 
at low pressure nodes (J -24) and velocity was decreased by 0.055% at high flow 
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zones ( P- 5 ). imi larl} . vv hen cenario-" wa appl ied ( v. hich con idered that about 
1 00°/o of avai lable grevwater r 69% of ind or domestic vvastewater wa uti l ized '-' . 
that can d crease the current water consumption about 1 0%). the hydraul ic  
parameter of v. ater net work '' ere impr ved twice of the scenario-2 in the area. 
The bu Dhabi Emirate has a great potential to reuse the greywater for 
home garden i rrigation and it was e t imated that 79 mi l l ion l i ter of municipal 
�water can be a ed dai ly according to the cunent water consumption in the Al Ain,  
i f  hal f of avai lable greywater was extracted and reused for i rrigat ion to home 
garden at A I  i n ,  '" hich \vas e t imated to be sufficient for addit ional 1 59.000 
per ons at the rate of 500 l i ters per person per day. and the figure can become 
d uble under the scenario -3 ( 1  00% gre water extraction and reuse).  Moreover, i t  
\\ a hown that gre water reuse has many economic and environmental advantages 
uch pw11ping station energ savings to supply municipal water and approx imate ly 
1 80.000 kWh electric i ty can be saved and the treatment plant operation, 
maintenance and cost can also be saved, e en j ust reuse of 50% of avai l able 
gre)water. 
7.2 Reco m m end ation 
This study shows that urban water management is a major challenge in  the 
Abu Dhabi Emirate. Therefore, in order to promote the better use of water, i t  i s  
necessary to  educate the  people to  change their  att i tude/behavior of water uses 
because majority of residents does not rea l ize that municipal  water production by 
desa l ination p lants is very expensive in the Emirates. One of the main reasons i s  
that they receive desal inated water a t  very low price (subsidized by  the 
government). Recently  from January 20 1 5, the water tariff has been i ncreased from 
1 1 8 
A ·  D 1 . 70 to 1 . 89 per I 000 l i ter for national and from 5 .95 to 9.90 per 1 000 l i ters 
for e>.pat ( R  8, 20 1 5  and its impact on " ater consumption \\ i l l  be a research 
question. The reuse of gre water i the one of the mo t economical option , \\ hich 
doe not need e. pen ive technology to reu e it ,  but i t  can pro ide a continuous 
elution for the \\ ater hortagc problem and to reduce the " ater consumption 
\\ ithout nfF ct ing the l i fe tyle  and plantat ion habits of the residents in the Emirate . 
Grey\'v ater reu e hould be considered as a solut ion to manage the water 
hortage and reduce the tress on the authori t ies to develop the new infmstructure 
for water upply .  1 lowe\ er, to encourage the community to reuse treated greywater, 
a proper regulation and defined guide l ines are needed, so that residents can accept 
thi  option. Despite the ir impacts on water saving, this research shov s that 
greywater also has potent ial qual i ty risk and there is a possibi l i ty of human contact 
during their reuse. Therefore, it is recommended to use the treated greywater, which 
\\i l l  not only provide the confidence to the users, but a lso wi l l  make it safe for 
human and for the environment. There are several greywater treatment technologies 
are avai lable and it is recommended to have a detai l qual i ty analysis for the 
Emirates houses greywater and based on the qual i ty results the treatment system 
should be selected. 
Greywater extraction reduces the sewer flow, that may dense the sludge and 
increase the bacteri al growth which can cause c logging of sewer. In the Emirates, 
the sewer l i nes flow with their ful l  design capac ity and more than 40% of treated 
water i s  j ust disposed to the sea, so such problem wi l l  exist rarely, but i s  
recommended to  do  frequent flushing of the  sewer l ines to  avoid such problem and 
a detai l study should be done in future. Another important observation was found 
1 1 9 
during the qu tionnaire urve) . Most of the re idents expressed that the; would 
l i h.e that the authority \\ i l l  e tabli h the on- i te gre water sy tem . Therefore, ome 
form f rebate for the in lal lation of gre) vvater ystem is recommended. 
In order to implement gre. water reuse cheme and make this approach 
u ce 'ful to reduce water con umpti n in the Emirate, it is  equal ly  important to 
im olve a l l  concern stakeholder with respect to their oc ial and cul tural val ues in 
addit ion to the technical issues de cribed below: 
• A priority should be given by the government to reuse the greywater for home 
i rrigation b prov iding the safety tandard and regulations and by introducing 
appropriate regulation and grey-water qual ity monitoring system. 
• The av areness and educati n program for greywuter reuse should be launched 
to provide the required information, economic benefit and training to reuse and 
min imize the potential hazards, which wi l l  enhance the acceptance of greywater 
reuse. 
• The rel iable and effic ient method should be adopted for greywater col lection 
and reuse, because an inefficient approach to reuse the greywater can affect the 
h uman and environmental health. 
• I t  i s  recommended to carry out a separate study to analyze the environmental 
impact on the soi l  and human health of a greywater reuse area. 
The above recommendations wi l l  i ncrease the confidence of the residents to 
reuse greywater for home lawn watering and wi l l  provide a cost effective 
opportunity to reduce the municipal water consumption and can decrease the 
desa l ination p lants' load in the Abu Dhabi Emirate. 

1 20 
B i b l iogra phy 
OWE ( 2008 ) latement of Future Capac ity Requirements 2008 - 20'"'0 .  
Abu Dhabi Water and "' Jectricity Compan , Abu Dhabi, AE.  
l Wabel M . I .  ( 20 1 1 )  imple ystem for Hand l ing and Reuse of Gre water 
Re ulted from bl ution in  {o ques of Riyadh C ity, audi Arabia. International 
nfercnce on Environmental cience and Engineering 8: 42-45 .  
ljaradin ,  M and e l im, T. (20 1 1 )  Evaluation of Using Gr ywater as an 
Alternat ive I rrigat ion ource in Jordan. VATTE 67 : 1 1 9-1 22. 
ChO\ dhur , R .K . ,  E l - horbagy, W. ,  Ghanma M .  and E l -Ashkar, A. (20 1 4) 
Quantitat iYe sse ment of Residential Water End Uses and Greywater Generation 
in A l  in  C i ty. Water Sc ience and Teclmolog : Water upply 1 5 (1 ) : 1 1 4- 1 23 .  
Dawoud, M .A .  and I Mul l  a, M . M .  (20 1 2 ) Environmental Impacts of 
eawater Desal i nation : Arabian Gulf Case Study. International Journal of 
E nvironment and ustainabi l ity 1 ( 3 ) :  22-37 .  
E A D  (20 1 4) Protecting Our Shared Resources - Sustainable Water Use for 
Organization.  E nvironment Agency Abu Dhabi, UAE.  
EAD (20 1 2) Advancing sustainable Groundwater Management m Abu 
Dhabi .  Environment Agency Abu Dhabi, UAE.  
EAD ( 2008a) Terrestrial E nv i ronment of Abu Dhabi Emirate - United Arab 
Emirates. Environment Agency Abu Dhabi, UAE.  
EAD (2008b) Water Resource of Abu Dhabi Emirate - United Arab 
Emirates. E n  i ronment Agency Abu Dhabi, UAE.  
1 2 1  
T:rik on, E . .  uffarth. K . .  Henze. 1 .  and Ledin ,  A.  ( 2002) Characteri t ics 
of re) Wa tewater. rban Water 4 :  85-1 04 . 
Friedl r, E .  and 1 I adari . M .  ( 2006) Economic Feasibi l i ty of On-site 
Grey\\ ater R u e in Mul t i - tore Bui ld ings. Desal ination 1 90 :  22 1 -234.  
Government of Dubai ( 20  1 0) Water Environmental Regulations. 
Em i ronmental Regulation No. : E /002 :  1 st Edition, Dubai , UAE. 
Halalsheh, M . .  Dalahmeh, . .  Sayed M. ,  Suleiman, W.,  Shareef, M . ,  
Ian our. 1 .  and a il .  M .  ( 2008) Greywater Characteristics and Treatment Options 
for Rural rea in Jordan. Bioresource Technology 99: 663 5-664 1 .  
Jamrah. . ,  Al-Futaisi ,  A . ,  Prathapar, . and AI Harrasi ,  A. (2008)  
E\ 'aluat ing Greywater Reuse Potent ial for Sustainable Water Resources 
J\fanagement i n  Oman. En i ron Monit Assess 1 3 7 :  3 1 5-327 .  
Khatun, A.  and Amin, M.  R .  (20 1 1 )  Greywater Reuse : a Sustainable 
o ]ution for Water Cri i s  i n  Dhaka, Bangladesh. Proceeding of the 4111 Annual 
Paper Meet and 1 51 C iv i l  E ngineering Congress, December 22-24, 20 1 1 ,  Dhaka, 
Bangladesh. 
Kim, J . ,  Song, I . , Oh. H . ,  Jong, J. Park, J. and Choung, Y. (2009) A 
Laboratory-Scale Graywater Treatment System Based on a Membrane F i l tration 
and Oxidation Process - Characteristics of Graywater from a Residential 
Complex. Desa l ination 238 :  347-357 .  
Kotwicki, V.  and Al -Otaibi, M .  ( 20 1 1 )  Drinking Water Saving Potential of 
Dua l  Networks in Kuwait. Management of Environmental Qua l i ty :  An 
I nternational Joumal 22(6 ) :  743 - 756. 
Li ,  Z . ,  B ; le .  F .  and Reynold , 
1 22 
(20 1 0 )  Rainwater Har\'est ing and 
Gre) water Treatment ; tern for Domestic ppl ication in Ireland. Desal ination 
(260) :  1 -8 .  
ah. D.  Y .  . , Putuhena. F .  L Sal im, . and Lai . . H .  (2008) Model l ing of 
re) \ \  ater Reu e for Kuchi ng, alay ia. Water Journal of the Austral ian Water 
s ociat ion:  3 1 - "'4 .  
larch. J .G .  and Gual ,  M .  ( 2009) Studies on  Chlorination of  Greywater. 
De a l ination 2�9:  .., 1 7-.., 22 .  
l\ 1c e i lL  L. . ,  A lmasri , M .  . and Mizyed, . (2009) A ustainable 
Approach for Reu ing Treated Wa tewater in  Agricul tural I rrigation in  the West 
Bank - Palest ine. De a l i nation 248 :  3 1 5-32 1 .  
Mourad. K .A . ,  Bemdtsson, J .C .  and Berndts on, R.  ( 20 1 1 )  Potent ial Fresh 
Water a ing Using Greywater in Toi let Flushing in Syria. Journal of 
Environmental Management 92 :  2447-2453 .  
aj i ,  F .  and Lustig, T .  (2006) On-site Water Recycl ing - A  Total Water 
Cycle M anagement Approach. Desal ination 1 88 :  1 95-202. 
i t ivattananon.  V. and Sa-nguanduan, N. (20 1 3 ) Domestic Water Reuse 
S ituation in the Context of Middle- income Countries : A Case Analysis. Frontiers in  
Environmental E ngineering 2 ( 1 ) : 7 - 1 7 . 
Prathapar, .A . ,  Jamrah, A . ,  Ahmed, M. ,  A I  Adawi, S . ,  A l  S idairi, S .  and Al  
H arassi ,  A .  (200 5 )  Overcoming Constraints in  Treated Greywater Reuse i n  Oman. 
Desa l ination 1 86 :  1 77- 1 86.  
RSB (20 1 3 ) Water Qual i ty Regulation 20 1 3 . EDR/RO l /00 1 ,  Regulation and 
Supervision Bureau, Abu Dhabi Emirate, UAE. 
1 23 
R B (20 1 0 )  ReC) cled \Vater and Bio- ol ids Regulation 20 1 0 . Regulation 
and upervi ion Bureau. bu Dhabi Emirat . E. 
R B ( 2009) Guide to Water upply Regulation 2009. Regulation and 
upen ision Bureau. Abu Dhabi Emirate. UAE. 
AD (20 1 2 ) .  tati t ics  Center Abu Dhabi .  http ://www.scad.ae 
1 24 
Li  t of  P u b l i ca t ion  
hovv dhur) , R .K and Raj put, 1 .  . ( 20 1 5 . ubm itted) Wi l l  Greywater Reuse 
Real ly lTect the ewer Flow . Experience of a Residential Complex in m. 
1\E.  ubmitted to the LE l 20 1 5  trategic sset Management of Water and 
\\'a te\\ ater l nfra tructure , 1 7- 1 9  ovember. Yokohama, Japan. 
h \\ dhury, R .K .  and Rajput, M .  A .  ( abstract accepted) Water Consumption 
Pattern in Traditional V i l la Type Houses in Abu Dhabi, MOD IM 20 1 5  
onference. Gold Coa t Austra l ia. December 20 1 5 . 
Chowdhury. R .K .  and Raj put. M .  A.  ( i n  preparat ion) Hydraul ic Perfom1ances of 
Water D istribution etwork Under Greywater Extraction Scenarios, Journal of 
Water lanagement UK.  
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W ater U ser s ::im ey Questionnaire 
; � .:.i!J.,f--'J �I .j�' 
L5 
Q.l :  Do �-ou receir e eDDugh water for your use� fr om the w ater network SYstem? 
�· � ... � _:.,...,. � �� � �:-:JJ ��· ; ... � 1.4 ..)�. 
0 YP.s t�� )  0 _ro p ')  -
Q.1 :  Do you use the potable w ater for d rinking  pmpose? /""!!'�1 _.;.;.•..f-4 � · ,.,�, ,_j.) 
0 Ye s G,._,j )  0 No ( 'i) 
Q.3: Do you us e the potable w ater for home gard en irrigation? 
� �� �.) -_i.;ll_f� �_,.:.JI � �  � 
0 Yes (:..� ) 
QA: H ow many times a d ay, do �;ou need w ater for irrigation? 
;oJi� �)j) -� �� �· �� � 
0 -� 0 �-3 0 3--4 0 5-6 0 Oth�r� ( ) 
Q.5: Do you beli� e water consertation is an important issue in _-\ L\. in? . 
- .� , , . • ! i..Q� � . _A ;\..wJ' }.-, �J......J· - .�..: � '" ..,r- o,;  - \?"' - .r- .... . '.1"' 
0 Yes {r>-i )  0 _ o ('t) 
-
0 do�'t know (._j.P i) 
Q.6: Do yon bell� e bow impo rtant are iod ir idua.l ac tions to mee t  future water �em and? 
�� � ;�I � �I � ��)JI ���  _ Yf' Jll 
0 Imp;>rtant ,:.tA 0 _ otimpxtwt t.Y.F.l 0 don't kno\,� (._j->=-; i) 
Q.7: Do you plan to take any action in the ne:.rt year to low er your water u�? 
� ;_.�, ·�' i' .ioi.l...' � �� i'w• ..; � � � � � �  � �  
0 Yes (r>-i )  0 �o ( YJ  0 
Q.8: Do you agr ee to r euse laund ry, w ashing & show er w ater for L aw n  irrigation? 
��I �.) J,...i.JI J i'�';(l � ;ol �l ��t.. . .j;:- &·-�� 
0 don't know(u.>=-1 'f) 
Q.9: If grey w ater system cost w ill lOOO to fOOO AED.  Do you P!efer to instill i_t_by? _ 
�� �'·,..toy 4000-1000 � ��1..4)' � � i'� � ...:..-.s �� 
OYours-elf(� .;;0 0 Deputment (� �) 0 Share / 21.;13 0 don'tknow (u.>=-1 ') 
QJO: Total number of family members at this house? �� � 'J Jl)i �� ��! 
0 Less than 15 years. b 5 JA .fo ( ) 0 Above than 1 5  ;��:��z 1 5  :.,w P ( ) 
ppendix - B :  Autho rization of A A DC Data Collection 
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authorize our employee, - ng. Muhammad Ashfaque Rajput (AAD lD # 
I 23640 · tudent l D  # 20 I 3 70040) to collect the required data 
for h t.  re  ·earcb work. 






l\1oha� . a �e'}1lli li)i'ffi'si 1 �...& :\tanagmg Dt reair u,ua..J 
AI Aln Distribution Company 
r.c.to: 
• D1rector - Water 0&\1 
1anagcr - Bu.'ln�" Planrung & Performance Der>anm�nt. 
File 
M1\1 
Te epho�e +971 3 763 6000 fa• •971 3 763 2025 I PO Box 1065 AI A•n United Arab Em1rates I www aadc ae 
0 M, Ooc:umP-ti & Oea••C'pOc:a tJ Y 2003 1C C1EIT'OI! '�J l«t� Ooc. 
L6 
1 27 
I ril l::' u conege or U .1"\1;. Engmeenng t oll.Ul.JI Cl...l.J)-'UI L..J I,Lo�l <Ulllb "· Umted Arab £�1rates ur. verstty 
CoE (238/ 1 0 ') 4 )-13 
December 10"', 2013 
H.E. Moham med alem bin Omair Al- bamsi 
Jfanager 
AlAin Distribution Compan; (AADC} 
Subject: Request (or data (or MSc thesis 
Dear Mr. Al ham i 
The College of Engineering at United Arab Emirates Uni\ ersil) extends its warme t 
regards, and would like to infonn your Excellency that M. c. student Mr. Muhammad 
Asbfaque Rajput ( tudent ID: 20 1 370040) from Ci\i] Engineering Department, has been 
enrolled into his Research Thesis entitled "Potential of Greywater Reuse and its Effects 
on Potable Water Demand .\fanagement and Downstream Sewer .\'etwork .. as part of the 
UAE -- "RF (3 1 ' 1 35) research under the supef\·ision of Dr. Rezaul Chowdhury. 
Assistant Profes or, AEU. To pursue his research work.. 1r. Muhammad has selected 
the "Al Faqaa , ew Village·· as his study area and he will conduct a hydraulic modeling 
work at the study area. The foliO\\ing data are necessary for his research work: 
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ubject:  Potelllral ofGre_lwater Reuse and tis Effects on Potable Water Demand 
Manage men/ and Downs/ream ewer Network 
Dear Dr. Raj put, 
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Scen a rio - 1  
Ta b u l a ted Presen tat ion o f  Nodal (J u n ct ion)  Time Series 
Res u l ts 
w 
0 
1 ) . J u nct ion - 1 Time Se ries deta i l s  2) .  J u nct ion - 2 Time Se ries detai ls 
Time ( T  l ours ) Demand ( Lis)* I l ead (rn )  Pressure ( m )  T i m e  ( Hours) Demand (Lis)*  ! Jead (m)  Pressure ( m )  
0 :00 0 256 . 1 8  1 4 .65 0 :00 0 255 .98 1 3 .46 
I : 00 0 256 . 1 8  1 4 .65 I :00 0 255 .99 1 3 .47 
2 :00  0 256 . 1 8  1 4 .65 2 : 00 0 256 .00 1 3 .48 
3 : 00 0 256 . 1 8  l ..t .65 3 :00 0 255 .99 1 3 .47 
4 : 00 0 256 . 1 8  1 4 .65 4 :00 0 255 .99 1 3 .47 
5 :00 0 256 . 1 6  1 4 .64 5 :00 0 255 .93 1 3 .4 1 
6 :00 0 256 . 1 7  1 4 .64 6 : 00 0 255 .94 1 3 .42 
7 : 00 0 256 . 1 7  1 4 .64 7 :00 0 255 .95 1 3 .43 
8 : 00 0 256 . 1 7  1 4 .64 8 :00 0 255 .94 1 3 .42 
9 :00 0 256 . 1 7  1 4 .64 9:00 0 255 .95 1 3 .43 
1 0 :00 0 256 . 1 7  1 4 .64 1 0 :00 0 255 .95 1 3 .43 
I I  :00 0 256 . 1 7  1 4 .64 1 1 :00 0 255 .95 1 3 .43 
1 2 :00 0 256 . 1 7  1 4 .64 1 2 : 00 0 255 .95 1 3 .43 
1 3 :00 0 256 . 1 7  1 4 .64 1 3 : 00 0 255 .95 1 3 .43 
1 4 : 00 0 256 . 1 7  1 4 .64 1 4 :00 0 255 .96 1 3 .44 
1 5 : 00 0 256 . 1 7  1 4 .64 1 5 : 00 0 255 .95 1 3 .43 
1 6 : 00 0 256 . 1 7  1 4.64 1 6 :00 0 255 .94 1 3 .42 
I 7 :00 0 256 . 1 8  1 4 .66 1 7 :00 0 256.0 1 1 3 .49 
1 8 : 00 0 256 . 1 8  1 4 .66 1 8 :00 0 256 .0 1 1 3 .48 
1 9 :00 0 256 . 1 9  1 4 .66 1 9 :00 0 256 .03 1 3 . 5 1 
20 :00 0 256 . 1 8  1 4 .65 20 :00 0 256.00 1 3 .48 
2 1 : 00 0 256 . 1 8  1 4 .65 2 1 : 00 0 255 .99 1 3 .47 
22 :00 0 256 . 1 8  1 4.65 22 :00 0 255 . 99 1 3 .47 
23 :00 0 256 . 1 8  1 4 .65 23 :00 0 255 .98 1 3 .46 
24:00:00 0 256 . 1 8  1 4 .65 24 :00 :00 0 255 .98 1 3 .46 
* T -Junct ion * Reducer 200mmx 1 50mm 
w 
3) .  J u nct ion - 3 Time Se ries deta i ls  
Time ( f lours )  Demand ( Lis) Head ( m )  Pressure ( m )  
0 : 00 1 .69 255 .97 1 3 .44 
1 :00 1 .67 255 .98 1 3 .44 
2 : 00 1 .63 255 .99 1 3 .45 
3 : 00 1 .65 255 .98 1 3 .45 
4 : 00 1 .67 255 .98 1 3 .44 
5 : 00 1 . 86 255 .92 1 3 .39 
6 : 00 1 . 82 255 .93 1 3 .40 
7 : 00 1 . 79 255 .94 1 3 .4 1  
8 : 00 1 . 82 255 .93 1 3 .40 
9 :00 1 . 8 1  255 .94 1 3 .40 
1 0 :00 I .  79 255 .94 1 3 .4 1 
1 1 : 00 1 . 8 1  255 .94 1 3 .40 
1 2 :00 1 . 79 255 . 94 1 3 .4 1 
1 3 :00 1 . 79 255 .94 1 3 .4 1 
1 4 :00 1 . 77 255 .95 1 3 .4 1 
1 5 : 00 1 . 79 255 .94 1 3 .4 1 I 
1 6 : 00 1 . 82 255 .93 1 3 .40 
1 7 :00 1 . 5 8  256.00 1 3 .47 
1 8 : 00 1 .60 256 .00 1 3 .46 
1 9 : 00 1 . 5 I 256 .02 1 3 .49 
20 :00 1 .63 255 .99 1 3 .45 
2 1 : 00 1 .65 255 .98 1 3 .45 
22 :00 1 .67 255 .98 1 3 .44 
23 :00 1 .69 255 .97 1 3 .44 
24 : 00 :00 1 .69 255 .97 1 3 .44 
4).  J u nct ion - 4 Time Se ries deta i ls 
Time ( I  l ours) Demand ( Lis)* I l ead ( m )  
0 :00 0 255 .85 
I :00 0 255 . 86 
2 : 00 0 255 . 87  
3 :00 0 255 .87  
4 :00 0 255 .86 
5 :00 0 255 . 78 
6 :00 0 255 . 79 
7 :00 0 255 . 8 1 
8 :00 0 255 . 79 
9 :00 0 255 . 80 
1 0 :00 0 255 .8 1 
I I :00 0 255 . 80 
1 2 : 00 0 255 .8 1 
1 3 :00 0 255 . 8 1 
1 4 :00 0 255 . 82 
1 5 : 00 0 255 .8 1 
1 6 :00 0 255 .79 
1 7 : 00 0 255 . 89 
1 8 : 00 0 255 . 89 
1 9 : 00 0 255 .92 
20 :00 0 255 .87  
2 1 :00 0 255 .87  
22 :00 0 255 . 86 
23 :00 0 255 .85 
24 :00 :00 0 255 .85 
* Elbow 
Pressure ( m )  
1 2 .39 
1 2 .40 
I 2 .4 1 
1 2 .4 1 
1 2 .40 
1 2 .32 
1 2 .33 
I 2.35 
1 2 .33 
1 2 .34 
1 2 .35  
1 2 .34 
1 2 .35 
1 2 .35  
1 2 .36 
1 2 .35 
1 2 .33 
1 2 .43 
1 2 .43 
1 2 .46 
1 2 .4 1 
1 2 .4 1 
1 2 .40 
1 2. 39  
1 2 .39 
w 
N 
5).  J u nc t io n  - 5 Time Se ries deta i ls  6).  J u nct ion - 6 Time Se ries deta i ls  
Time ( ! lours )  Demand ( Lis ) *  l lead ( m )  Pressure ( m )  Time ( I  lours)  Demand ( Lis ) Head ( m )  Pressure ( m )  
0 : 00 0 2 5 5 . 82 1 2 .07 0 : 00 1 .69 255 .93 1 5 .08 
I :00 0 2 5 5 . 82 1 2 .07 1 :00 1 .67 255 .93 1 5 .09 
2 :00 0 2 5 5 . 84 1 2 .09 2 :00 1 .63 255 .94 1 5 . 1 0  
3 :00 0 2 5 5 . 83 1 2 .08  3 : 00 1 .65 255 .94 1 5 .09 
4 : 00 0 255 .82 1 2 .07  4 : 00 1 .67 255 .93 1 5 .09 
5 :00 0 255 . 73 I 1 .98 5 : 00 1 . 86 255 . 87  1 5 . 02 
6 : 00 0 255 .75  1 2 .00 6:00 1 . 82 255 .88  1 5 . 03 
7 :00 0 255 .77 1 2 .02 7 :00 1 . 79 255 .89 1 5 .05 
8 :00 0 2 5 5 . 75 1 2 .00 8 : 00 1 . 82 255 .88  1 5 .03 
9 : 00 0 255 .76  1 2 .0 1 9 :00 1 . 8 1  255 . 89 1 5 . 04 
1 0 : 00 0 255 . 77  1 2 .02 1 0 : 00 1 . 79 255 .89 1 5 .05 
1 1 : 00 0 255 . 76 1 2 .0 1 J l  :00 1 . 8 1  255 . 89 1 5 .04 
1 2 : 00 0 255 . 77  1 2 .02 1 2 :00 1 . 79 255 . 89 1 5 .05 
1 3 : 00 0 255 . 77  1 2 .02 1 3 : 00 1 . 79 255 . 89 1 5 .05 
1 4 :00 0 255 .78  1 2 .03 1 4 :00 1 . 77 255 .90 1 5 .05 
1 5 :00 0 255 . 77 1 2 .02 1 5 : 00 1 . 79 255 . 89 1 5 .05 
1 6 :00 0 255 .75  1 2 .00 1 6 :00 1 . 82 255 .88 1 5 .03 
1 7 : 00 0 255 . 86 1 2 . 1 1 1 7 : 00 ! . 5 8  255 .96 J 5 . 1 2  
1 8 : 00 0 255 .85 1 2 . 1 0  1 8 :00 1 .60 255 .96 J 5 . 1 1  ' 
1 9 : 00 0 255 .89 1 2 . 1 4  1 9: 00 1 . 5 1  255 .98 1 5 . 1 4  
20 :00 0 255 . 84 1 2 .09 20 :00 1 .63 255 .94 1 5 . 1 0  
2 1 : 00 0 255 . 83 1 2 .08 2 1 : 00 1 .65 255 .94 1 5 .09 
22 :00 0 255 . 82 1 2 .07 I 22 :00 1 .67 255 .93 1 5 .09 
23 :00 0 255 . 82 1 2 .07 I 23 :00 1 . 69 255 .93 1 5 .08 
24:00 :00 0 255 .82 I�.![!_ I 24:00:00 1 .69 255 .93 1 5 .08 




7). J u nct ion  - 7  Time Se ries deta i ls  
Time ( Hours) Demand ( Lis) *  Head ( m )  Pressure ( m )  
0 : 00 0 255 .93 1 5 .09 
1 : 00 0 255 .93 I 5 .09 
2 : 00 0 255 .94 1 5 . 1 0  
3 : 00 0 2 5 5 .94 1 5 . 1 0 
4 :00 0 255 .93 1 5 . 09 
5 :00 0 255 . 87  1 5 .03 
6 : 00 0 255 . 88  1 5 .04 
7 :00 0 2 5 5 . 89 1 5 .05 
8:00 0 255 . 88  1 5 .04 
9 : 00 0 255 .88  1 5 .05  
1 0 : 00 0 2 5 5 . 89 1 5 .05 
1 I : 00 0 255 . 88  1 5 .05 
1 2 :00 0 255 . 89 1 5 .05 
1 3 :00 0 255 . 89 1 5 .05 
1 4 : 00 0 255 .9 1 5 .06 
1 5 : 00 0 255 . 89 1 5 .05 
1 6 : 00 0 255 .88  1 5 . 04 
1 7 : 00 0 255 .96 1 5 . 1 2 
1 8 :00 0 255 .95 1 5 . 1 2  I 
1 9 : 00 0 255 .98 1 5 . 1 4 
20 :00 0 255 .94 1 5 . 1 0  
2 1 :00 0 255 .94 1 5 . 1 0  
22 :00 0 255 .93 1 5 .09 
23 :00 0 255 .93 1 5 .09 
24:00:00 0 255 .93 1 5 .09 
* Reducer 200mmx 1 50mm 
8) .  J u nct ion - 8 Time Se ries deta i ls 
Time ( f l ou rs )  Demand ( Lis)* Head ( m )  
0 :00 0 255 . 82 
I :00 0 255 . 83 
2 :00 0 255 . 84 
3 : 00 0 255 . 84 
4 : 00 0 255 .83 
5 : 00 0 255 . 74 
6 :00 0 255 . 76 
7 :00 0 255 .77  
8 : 00 0 255 . 76 
9 :00 0 255 .76 
1 0 : 00 0 255 . 77 
I I :00 0 255 . 76 
1 2 : 00 0 255 .77 
1 3 : 00 0 255 .77  
1 4 :00 0 255 .78 
1 5 : 00 0 255 .77 
1 6 :00 0 255 . 76 
1 7 : 00 0 255 .87  
1 8 :00 0 255 .86 
1 9 : 00 0 255 .90 
20 :00 0 255 . 84 
2 1 : 00 0 255 . 84 
22 :00 0 255 . 83 
23 :00 0 255 .82 
24:00:00 0 255 .82 
* Elbow 
Pressure ( m )  
1 6 . 56  
1 6 . 5 7  
I 6 . 58  
1 6 . 5g  
1 6 . 57  
1 6 .48 
1 6 . 50  
1 6 . 5 1 
1 6 .50  
1 6 . 50  
I 6 .5  I 
I 6 . 50  
1 6 . 5 I 
I 6 . 5 1 
1 6 . 52  
1 6 . 5 1 
1 6 . 50  
1 6.6 1 
I 6.60 
1 6.63 
1 6 . 58  
1 6 . 58  
1 6 . 5 7  
1 6.56 
1 6 .56  
w 
+-
9) .  J u nc t io n  - 9 Time Se ries detai ls  
Time ( Hours)  Demand ( Lis)* J lead ( m )  Pressure ( m )  
0 :00 0 255 . 79 1 7 .07 
1 :00 0 255 .80 1 7 .08 
2 : 00 0 255 . 8 1 1 7 . 1 0  
3 :00 0 2 5 5 . 8 1 1 7 .09 
4 :00 0 2 5 5 . 80 I 7 .08 
5 :00 0 255 .70 1 6 .99 
6 : 00 0 255 . 72 1 7 .00 
7 : 00 0 255 .74 1 7 .02 
8 :00 0 255 . 72 1 7 .00 
9:00 0 255 . 73 1 7 .0 1 
1 0 :00 0 255 . 74 1 7 .02 
1 1 : 00 0 255 . 73 1 7 .0 1 
1 2 :00 0 2 5 5 . 74 1 7 .02 
1 3 :00 0 255 . 74 1 7 .02 
1 4 : 00 0 255 .75  1 7 .03 
1 5 : 00 0 255 . 74 1 7 . 02 
1 6: 00 0 255 . 72 1 7 .00 I 
1 7 :00 0 255 .84 1 7 . 1 2  
1 8 :00 0 255 .83 1 7. 1 1 
1 9 :00 0 255 . 87  1 7 . 1 5  
20:00 0 255 . 8 1 1 7 . 1 0  
2 1 : 00 0 255 . 8 1 1 7 .09 
22 :00 0 255 . 80 1 7.08  
23 :00 0 255 . 79 1 7.07 
24 :00 :00 0 255 . 79 1 7 .07 
* E l bow 
1 0) .  J u nct ion - 1 0  Time Series de ta i ls 
T i me ( I  lours) Demand ( Lis) l lead ( m )  
0 : 00 1 .69 255 .68  
I :00 167 255 .69 
2 :00 1 .63 255 . 7 1 
r--
3 :00 1 .65 255 . 70 
4 : 00 1 .67 255 .69 
5 : 00 1 . 86 255 . 57  
6 :00 1 . 82 255 .59  
7 :00  1 . 79 255 .62 
8 : 00 1 . 82 255 . 59  
9 :00 1 . 8 1  255 .6 1 
1 0 :00 1 . 79 255 .62 
1 1 : 00 1 . 8 1  255 .6  I 
1 2 : 00 I . 79 255 .62 
1 3 :00 1 . 79 255 .62 
1 4 : 00 1 . 77 255 .63 
1 5 : 00 1 . 79 255 .62 
1 6 :00 1 . 82 255 .59 
1 7 :00 I . 5 8  255 .74 
1 8 :00 1 . 06 255 . 73 
1 9 : 00 I . 5 1 255 .78  
20 :00 1 .63 255 .7 1 
2 1 : 00 1 .65 255 . 70 
22 :00 1 .67 255 .69 
23 :00 1 .69 255 .68  
24:00:00 1 .69 255 .68  
---
Pressure ( m )  
1 8 . 1 8  
1 8 . 1 9 
1 8 .22 
1 8 .2 1 
1 8 . 1 9 
1 8 .08 
1 8 . 1 0  
1 8 . 1 2  
I 8 . 1 0  
1 8 . 1  I 
1 8 . 1 2 
I 8 . 1 1  
1 8 . 1 2  
1 8 . 1 2  
1 8  1 3  
1 8 . 1 2 
1 8 . 1 0  
1 8 .25  
1 8 .24 
1 8 .28 
1 8 .22 
1 8 .2 1 
1 8 . 1 9  
1 8 . 1 8  
1 8 . 1 8  
w VI 
1 1 ) . J u nc t ion - 1 1  Time Series deta i ls  
T i me ( I  l ou rs )  Demand ( Lis) I l ead ( m )  Pressure ( m )  
0 :00 1 .69 255 .67  1 7 . 86  
1 :00 1 .67 255 .68 1 7 .87  
2 :00 1 .63 255 . 7  1 7. 89 
3 :00 1 .65 255 .69 1 7 . 88  
4 :00 1 .67 255 .68  1 7 . 87  
5 :00 1 . 86 255 . 56  1 7 .75  
6 : 00 1 . 82 255 . 59  1 7 . 78  
7 : 00 1 . 79 255 .6 1 1 7 .80 
8 :00 1 . 82 255 . 59  1 7.78  
9 : 00 1 . 8 1  255 .6  1 7. 79 
1 0 :00 1 . 79 255 .6 1 1 7.80 
1 1 : 00 1 . 8 1  255 .6  1 7 . 79 
1 2 :00 1 . 79 255 .6 1 1 7 .80 
1 3 :00 1 . 79 255 .6 1 1 7.80 
1 4 : 00 1 . 77 255 .62 1 7 . 8 1 
1 5 : 00 1 . 79 255 .6 1 1 7 .80 
1 6 : 00 1 . 82 255 .59 1 7 .78 
1 7 : 00 1 . 5 8  255 . 73 1 7 .92 
1 8 :00 1 .60 2 5 5 . 72 1 7 .9 1 
1 9 :00 1 . 5 I 255 .77 1 7.96 
20 :00 1 .63 255 . 7  1 7. 89 
2 1 : 00 1 .65 255 .69 1 7 .88  
22 :00  1 .67 255 .68 1 7 .87  
23 : 00 1 .69 255 .67 1 7 . 86 
24 :00 :00 1 .69 255 .67 1 7. 86 
1 2). J u nct ion - 1 2  Time Series detai ls  
Time ( I  l ours) Demand ( Lis) I Iead (m)  
0 : 00 1 .69 255 .67 
I :00 1 .67 255 .68 
2 : 00 1 .63 255 . 7  
3 :00 1 .65 255 .69 
4:00 1 . 67 255 .68 
5 : 00 1 . 86 255 . 56  
6 : 00 1 . 82 255 . 58  
7 :00 1 . 79 255 .6 1 
8 : 00 1 . 82 255 . 58  
9 :00 1 . 8 1  255 .6  
1 0 : 00 1 . 79 255 .6 1 
I I  :00 1 . 8 1  2 55 .6 
1 2 : 00 1 . 79 255 .6 1 
1 3 : 00 1 . 79 255 .6 1 
1 4 :00 1 . 77 255 .62 
1 5 : 00 1 . 79 255 . 6 1 
1 6 : 00 1 . 82 255 . 58  
1 7 :00 1 . 5 8  255 .73 
1 8 : 00 1 .60 255 . 72 
1 9 :00 1 . 5 1  255 .77  
20 :00 1 .63 255 . 7  
2 1 :00 1 .65 255 .69 
22 :00 1 .67 255 .68 
23 :00 1 .69 255 .67 
24 :00 :00 1 . 69 255 .67 
-· 
Pressure ( m )  
1 7 . 79 
1 7.80 
1 7 .82  
1 7.8 1 
1 7.80 
1 7.68 
1 7 . 70 
1 7 . 73 
1 7. 70 
1 7. 7 1  
1 7 . 73 
1 7. 7 1  
1 7 . 73 
1 7 . 73 
1 7. 74 
1 7. 73 
1 7. 70 
1 7. 85  
1 7 .84 
1 7. 89 
1 7 .82  
1 7 .8 1 
1 7.80 
1 7. 79 
1 7 . 79 
w 
0'\ 
1 3) .  J u nc t ion - 1 3  Time Series detai ls  
Time ( I  l ours) Demand ( Lis) ! lead ( m )  Pressure ( m )  
0 : 00 1 .69 255 .67 1 7 .34 
I :00 1 .67 255 .68  1 7 .35  
2 :00  1 .63 255 . 70 1 7 . 37  
3 :00 1 .65 255 .69 1 7.36 
4 :00 1 .67 2 5 5 .68 1 7 .35 
5 :00 1 . 86 255 . 56  1 7.23 
6 :00 1 . 82 255 . 58  1 7.25 
7 :00 1 . 79 255 .60 1 7 .27  
8 :00 1 . 82 255 . 58  1 7 .25 
9 : 00 1 . 8 1  255 . 59  1 7.26 
1 0 : 00 1 . 79 255 .60 1 7. 27  
I I  : 00 1 . 8 1  255 . 59 1 7 .26 
1 2 : 00 1 . 79 255 . 60 1 7 .27  
1 3 : 00 1 . 79 255 .60 1 7 .27  
1 4: 00 1 . 77 255 .62 1 7.29 
1 5 :00 1 . 79 255 .60 1 7.27  
1 6 :00 1 . 82 255 . 58  1 7.25 
1 7 :00 1 . 5 8  255 . 73 1 7.40 
1 8 :00 1 .60 255 . 72 1 7 .39 I 
1 9 :00 1 . 5 1  255 . 77 1 7 .44 
20 :00 1 .63 255 . 70 1 7. 37  
2 1 :00 1 .65 255 .69 1 7 .36 
22 :00 1 . 67 255 .68  1 7.35 
23 : 00 1 .69 255 .67 1 7.34 
24 :00 :00 1 . 69 255 .67  1 7 .34 
1 4). Ju nct ion - 1 4  Time Series details 












I 0 :00 
1 1 : 00 
1 2 : 00 
1 3 : 00 
1 4 : 00 
1 5 :00 
1 6 : 00 
1 7 :00 
I 8 :00 
1 9 :00 
20 :00 
2 1 :00 
22 :00 
23 :00 
24 :00 :00 





1 . 67 
1 . 86 
1 . 82 
1 . 79 
1 . 82 
1 . 8 1  
1 . 79 
1 . 8 1  
1 . 79 
1 . 79 
1 . 77 
1 . 79 
I . 82 
1 . 5 8  
l .60 






Head ( m )  
255 .73 
255 . 74 
255 .76 
255 . 75 
255 . 74 
255 .63 
255 .65 
255 .67  










255 .78  
255 . 82 
255 . 76 
255 .75  
255 .74 
255 .73 
255 . 73 
Pressure ( m )  
1 4 . 56  
1 4 .56 
1 4  58  
1 4 . 57  
1 4 . 56  
1 4 .46 
1 4 .48  
1 4 . 50  
1 4 .48 
1 4 .49 
1 4 .50  
1 4 .49 
1 4 . 50  
1 4 .50  
1 4 .5  I 
1 4.50  
1 4 .48 
1 4 .6 1 
1 4 .60 
1 4 .65 
1 4 . 58  
1 4 . 5 7  
1 4 . 56  
1 4 . 56  
1 4 . 56  
-
w -..! 
1 5) .  J u nct ion - l S  Time Series detai ls  1 6) .  Ju nct ion - 16 Time Series deta i ls  
Time ( I  lours )  Demand ( Lis) I l ead ( m )  Pressure ( m )  Time ( I  l ours)  Demand ( Lis) Head ( m )  Pressure ( m )  
0 : 00 1 . 69 255 .7 1 1 4 .54 0 : 00 1 .69 255 .70 1 4.26 
1 :00 1 .67 255 . 72 1 4 .55  I :00 1 .67 255 .7 1 1 4 .27 
2 : 00 1 .63 255 . 74 1 4 . 5 7  2 : 00 1 .63 255 . 73 1 4.29 
3 :00 1 .65 255 . 73 1 4 . 56  3 : 00 1 .65 255 . 72 1 4 .28 
4 : 00 1 .67 255 . 72 1 4 . 55  4 :00 1 . 67 255 . 7 1  1 4 .27 
5 :00 1 . 86 255 . 6 1 1 4 .44 5 : 00 1 . 86 255 .59 1 4 . 1 6  
6 : 00 1 . 82 255 . 63 1 4 .46 6 :00 1 . 82 255 .6 1 I ·U 8  
7 :00 1 . 79 255 .65 1 4 .48 7 :00 1 . 79 255 .63 1 4 .20 
8 :00 1 . 82 255 .63 1 4 .46 8 : 00 1 . 82 255 .6 1 1 4 . 1 8  
9 :00 1 . 8 1  255 .64 1 4 .47 9:00 1 . 8 1  255 .62 1 4. 1 9  
1 0 :00 1 . 79 255 .65 1 4.48 1 0 :00 1 . 79 255 .63 1 4 .20 
1 1 : 00 1 . 8 1  255 .64 1 4 .47 1 1 : 00 1 . 8 1  255 .62 1 4 . 1 9  
1 2 :00 1 . 79 255 .65  1 4 .48 1 2 :00 I .  79 255 .63 1 4 .20 
1 3 : 00 1 . 79 255 .65 1 4 .48 1 3 : 00 1 . 79 255 .63 1 4 .20 
1 4 : 00 1 . 77 255 . 66 1 4 .49 1 4 :00 1 . 77 255 .64 l ··L2 1  
1 5 :00 1 . 79 255 .65 1 4 .48 1 5 :00 1 . 79 255 .63 1 4 .20 
1 6 :00 1 . 82 255 .63 1 4 .46 1 6 :00 1 . 82 255 .6 1 1 4 . 1 8  
1 7 :00 1 .5 8  255 . 77 1 4 .60 1 7 : 00 1 . 5 8  255 .75  1 4 .32 
1 8 : 00 1 . 60 255 . 76 1 4. 59 1 8 : 00 1 .60 255 .75  1 4 .3 1 
1 9 : 00 1 . 5 1  2 55 . 8 1 1 4 . 63 1 9 :00 1 . 5 1  255 . 79 1 4 .36 
20 :00 1 .63 2 5 5 . 74 1 4 . 57  20:00 1 . 63 255 . 73 1 4 .29 
2 1 :00 1 .65 255 . 73 1 4 .56 2 1 : 00 1 .65 255 . 72 1 4 .28 
22:00 1 .67 255 . 72 1 4 .55  22 :00 1 .67 255 . 7 1 1 4 .27  
23 :00 1 .69 255 . 7 1  1 4. 54  23 :00 1 .69 255 .70 1 4 .26 




1 7) .  J u nct ion - 1 7  Time Series deta i ls 
Time ( Hours) Demand ( Lis) *  I l ead (m)  Pressure (m)  
0 : 00  0 255 .70 1 4 .22 
I :00 0 255 . 7 1 1 4.23 
2 :00  0 255 . 73 1 4 .25 
3 :00 0 255 .72  1 4 .24 
4 : 00 0 255 . 7 1 1 4 .23 
5 :00 0 255 . 59  1 4. 1 2  
6 :00 0 255 . 6 1 1 4 . 1 4  
7 :00 0 255 .63 1 4 . 1 6  
8 :00 0 255 .6 1 1 4. 1 4 
9 :00 0 255 . 62 1 4 . 1 5  
1 0 :00 0 255 . 63 1 4 . 1 6  
I I  :00 0 255 .62 1 4 . 1 5  
1 2 :00 0 255 .63 1 4 . 1 6  
1 3 :00 0 255 .63 1 4 . 1 6  
1 4 :00 0 255 .64 1 4 . 1 7  
1 5 :00 0 255 .63 1 4 . 1 6  
1 6 :00 0 255 .6 1 1 4. 1 4  
1 7 : 00 0 255 . 76 1 4.28 
1 8 :00 0 255 .75  1 4 .27 
1 9 : 00 0 255 .79 1 4.32 
20 :00 0 255 .73 1 4 .25 
2 1 : 00 0 255 . 72 1 4 .24 
22 :00 0 255 . 7 1 1 4.23 
23 :00 0 255 . 70 1 4 .22 
24:00:00 0 255 .70 1 4 .22 
* E lbow 
1 8) .  J u nct ion - 1 8  Time Series deta i ls 
Time ( H ours) Demand (Lis ) *  Head (m)  
0 : 00 0 255 . 70 
I :00 0 255 . 7 1 
2 :00 0 255 . 73 
3 :00 0 255 . 72 
4 :00 0 255 . 7 1 
5 :00 0 255 . 59  
6 : 00 0 255 .6 1 
7 : 00 0 255 .64 
8 :00 0 255 .6 1 
9 :00 0 255 .63 
1 0 :00 0 255 .64 
I I  :00 0 255 .63 
1 2 : 00 0 255 .64 
1 3 :00 0 255 .64 
1 4 :00 0 255 .65 
1 5 : 00 0 255 .64 
] 6 :00 0 255 .6 1 
1 7 :00 0 255 . 76 
1 8 : 00 0 255 . 75 
1 9 :00 0 255 . 79 
20 :00 0 255 . 73 
2 1 : 00 0 255 . 72 
22 :00 0 255 . 7 1 
23 :00 0 255 . 70 
24 :00 :00 0 255 .70 
* Elbow 
Pressure (m)  
1 2 .93 
1----
1 2 .94 
1 2 .96 
1 2 .95 
1 2.94 
1 2 .83 
1 2 .85 
1 2 . 87  
1 2 .85  
1 2 .86 
1 2 . 87  
1 2 .86 
1 2 . 87  
1 2 . 87  
1 2 .88  
1 2 . 87  
1 2 .85  
1 2.99 
1 2 .98 
1 3 .03 
1 2 .96 
1 2 .95 
1 2. 94 
1 2 .93 
1 2 .93 
w -a 
1 9) .  J u nct ion - 1 9  Time Series de ta i ls 
Time ( Hours )  Demand ( Lis ) Head ( m )  Pressure (m)  
1 0 :00 1 .69 255 .70 1 2 .53 
I I :00 1 .67 255 . 7 1 1 2 .54 
2 : 00 1 .63 2 5 5 . 73 1 2 . 56  
3 :00 1 .65 255 . 72 1 2 . 55  
4 :00 1 .67 255 . 7 1 1 2 .54 
5 : 00 1 . 86 255 . 59  1 2 .43 
6 :00 1 . 82 255 . 62 1 2 .45 
7 : 00 1 . 79 255 .64 1 2 .47 
8 : 00 1 . 82 255 .62 1 2 .45 
9 :00 1 . 8 1  255 .63 1 2 .46 
1 0 :00 1 . 79 255 . 64 1 2 .47 
1 1 : 00 1 . 8 I 2 55 . 63 1 2 .46 
1 2 : 00 1 . 79 255 .64 1 2 .47 
1 3 :00 1 . 79 255 .64 1 2 .47 
1 4 :00 1 . 77 255 .65  1 2 .48 
1 5 :00 1 . 79 255 .64 1 2 .47 
1 6 : 00 1 . 82 255 .62 1 2 .45 
1 7 : 00 1 . 5 8  255 . 76 1 2 .59 
1 8 :00 1 .60 255 . 75 1 2 . 58  
1 9 :00 1 . 5 1  255 . 79 1 2 . 63 
20 :00 1 .63 255 . 73 1 2 . 56  
2 1 :00 l .65 255 . 72 1 2 . 5 5  
22:00 1 .67 255 . 7 1 1 2 . 54  
23 :00 1 .69 255 . 70 1 2 . 53  
24 :00 :00 1 .69 255 . 70 1 2 . 53  
20) .  J u nc t ion - 20 Time Series deta i ls 











1 0 : 00 
I I  : 00 
1 2 :00 
1 3 : 00 
1 4 :00 
1 5 :00 
1 6 : 00 
1 7 :00 
I 8 :00 
1 9 :00 
20 :00 




Demand ( Lis) 
1 . 69 
1 . 67 
1 .63 
1 . 65 
1 .67 
1 . 86 
1 . 82 
I .  79 
1 . 82 
1 . 8 1  
1 . 79 
1 . 8 1  
1 . 79 
1 . 79 
1 . 77 
1 . 79 
1 . 82 
1 . 5 8  
1 . 60 




1 . 69 
1 .69 
I l ead ( m )  
255 . 73 
255 . 74 
255 .75  
255 . 74 
255 . 74 
255 .63 
255 .65  
255 .67  









255 .78  
255 .77  
255 .82 
255 .75  
255 .74 
255 . 74 
255 .73 
255 . 73 
Pressure ( m )  
1 3 .03 
1 3  04 
1 3 .05 
I 3 .0-l 
1 3 .04 
1 2 .93 
1 2 .95 
1 2 .97 
1 2 .95 
1 2 .96 
1 2 .97 
1 2 .96 
1 2 .97 
1 2 .97 
1 2 .98 
1 2 .97 
1 2 .95 
1 3 .08 
1 3 .07 
1 3 . 1 2  
1 3 .05 
1 3 .04 
1 3 .04 
1 3 .03 
1 3 .03 
.j:.. 
0 
2 1 ). J u nct ion - 2 1  Time Series de ta i ls 22).  J u nct ion - 22 Time Series detai ls  
Time ( H ours) Demand ( Lis) Head ( m )  Pressure ( m )  Time ( ! l ours) Demand ( Us )  Head ( m )  Pressure ( m )  
0 : 00 1 .69 255 .75  1 3 .05 0 :00 1 .69 255 .70 1 0  1 9  
1 :00 1 .67 255 .75  1 3 .05 I :00 1 .67 255 .7 1 1 0.20 
2 :00 1 .63 255 . 77  1 3 .07 2 : 00 1 .63 255 . 73 1 0  22 
-
3 :00 1 .65  255 . 76 1 3 . 06 3 :00 1 .65 255 .72 1 0 . 2 1 
4 : 00 1 .67 255 . 75 1 3 .05 4 :00 1 .67 255 . 7 1  1 020 
5 :00 1 . 86 255 .65 1 2 .95 5 :00 1 . 86 255 . 59 I 0.08 
6 : 00 1 . 82 255 .67 1 2 .97 6 : 00 1 . 82 255 .6 1 1 0 . 1 0  
7 : 00 1 . 79 255 .69 1 2 .99 7 :00 1 . 79 255 .63 1 0 . 1 3  
8 :00 1 . 82 255 .67  1 2 .97 8 :00 1 . 82 255 .6 1 1 0. 1 0  
9 :00 1 . 8 1  255 .68 1 2 .98 9 :00 1 . 8 1  255 .62 1 0 . 1 2 
1 0 : 00 1 . 79 255 .69 1 2 .99 1 0 : 00 1 . 79 255 .63 1 0 . 1 3  
1 1 : 00 1 . 8 1  255 .68  1 2 .98 1 1 : 00 1 . 8 1  255 .62 1 0 . 1 2  
1 2 : 00 1 . 79 255 .69 1 2 .99 1 2 :00 1 . 79 255 .63 I 0 . 1 3  
1 3 : 00 1 . 79 255 .69 1 2 .99 1 3 : 00 1 . 79 255 .63 1 0 . 1 3  
1 4 :00 1 . 77 255 .70 1 3 .00 1 4 :00 1 . 77 255 . 64 1 0. 1 4  
1 5 :00 1 . 79 255 . 69 1 2 .99 1 5 : 00 1 . 79 255 .63 1 0 . 1 3  
1 6 :00 1 . 82 255 .67 1 2 .97 1 6 :00 1 . 82 255 .6 1 1 0 . 1 0 
1 7 :00 1 . 5 8  255 . 80 1 3 . 1 0  1 7 : 00 1 . 5 8  255 . 76 1 0.25 
1 8 :00 1 .60 255 . 79 1 3 .09 1 8 :00 L .60 255 .75  1 0 .24 
1 9 :00 1 . 5 1  255 .83 1 3 . 1 3  1 9 :00 1 . 5 1  255 .79 1 0.29 
20 :00 1 .63 255 .77 1 3 .07 20:00 1 .63 255 .73 1 0 .22 
2 1 : 00 1 .65 255 . 76 1 3 .06 2 1 :00 1 .65 255 .72 1 0 .2 1 
22 :00 1 .67 255 . 75 1 3 .05 22:00 1 .67 255 . 7 1 1 0 .20 
23 : 00 1 .69 255 .75  1 3 .05 I 23 :00 1 . 69 255 .70 1 0. 1 9 
24 :00 :00 1 .69 255 .75 1 3 .05 l 24:00:00 1 .69 255 .70 1 0 . 1 9 
+-
23).  J u nct ion - 23 Time SHies detai ls  
Time ( H ours)  
0 : 00 
I :00 
2 : 00 
3 :00 
4 : 00 
5 :00 
6 : 00 
7 :00 
8 :00 
9 : 00 
1 0 :00 
1 1 : 00 
1 2 :00 
1 3 : 00 
1 4 : 00 
1 5 : 00 
1 6 : 00 
1 7 :00 
1 8 :00 
1 9 : 00 
20 :00 
2 1 : 00 
22 :00 
23 : 00 
24:00 :00 
Demand ( Lis) l lead ( m )  
1 . 69 255 .69 
1 .67 255 .70 
1 .63 2 5 5 . 72 
1 .65  255 . 7 1 
1 .67 255 .70 
1 . 86 255 . 58  
1 .82 255 . 60 
1 . 79 255 .62 
1 . 82 255 .60 
1 . 8 1  255 .6 1 
1 . 79 255 .62 
1 . 8 1  255 .6 1 
1 . 79 255 .62 
1 . 79 255 . 62 
1 . 77 255 .63 
1 . 79 255 .62 
1 . 82 255 .6  
1 . 5 8  255 .75  
1 .60 2 5 5 . 74 
1 . 5 1  255 . 79 
1 .63 255 .72 
1 .65 255 .7 1 
1 .67 255 . 7  
1 .69 255 .69 
1 .69 255 .69 
--- --
Pressure ( m )  
1 0 .07 
1 0 .08  
1 0 . 1 0  
1 0 . 09 
1 0 .08 
9.96 
9 .98 
1 0 .0 1 
9 .98 
9 .99 
1 0 . 0 1  
9 .99 
1 0 .0 1 
1 0 . 0 1 
1 0 .02 
1 0 .0 1 
9 .98 
1 0 . 1 3  
1 0 . 1 2 
1 0 . 1 7  
1 0 . 1 0  
1 0 .09 
1 0 .08 
1 0 .07 
1 0 .07 
24) . . Ju nct ion - 24 Time Series deta i ls 
Time ( I  lours) Demand ( Lis ) l lead ( m )  
0 : 00 1 .69 255 .69 
I :00 1 .67 255 . 70 
2 :00 1 .63 255 . 72 
3 :00 1 .65 255 .7 1 
4 :00 1 .67 255 .70 
5 : 00 1 . 86 255 . 58  
6 :00 1 . 82 255 . 60 
7 :00 1 . 79 255 .62 
8 : 00 1 . 82 255 .60 
9:00 1 . 8 1  255 .6 1 
1 0 : 00 1 . 79 255 . 62 
1 1 : 00 1 . 8 1  255 .6 1 
1 2 : 00 1 . 79 255 .62 
1 3 : 00 1 . 79 255 .62 
1 4 : 00 1 . 77 255 .63 
1 5 : 00 1 . 79 255 .62 
1 6 :00 1 . 82 255 .60 
I 1 7 : 00 1 . 5 8  255 .75 
1 8 : 00 1 .60 255 . 74 
1 9 : 00 1 . 5 1  255 . 78 
20 :00 1 .63 255 .72 
2 1 : 00 1 .65 255 .7 1 
22:00 1 .67 255 . 70 
23 :00 1 .69 255 .69 
24:00:00 1 .69 255 .69 
Pressure ( m )  
1 0 .07 
I 0 .08 





1 0 .00 
9.98 
9.99 
1 0 .00 
9.99 
1 0 .00 
1 0.00 
1 0 .0 1 
1 0.00 
9.98 
I 0 . 1 3  
I 0. 1 2  
I 0 . 1 7  
1 0. 1 0 
1 0 .09 
1 0 .08 
1 0 .07 




t .J  
25) .  J u nct ion - 25 Time Series de ta i ls 
Time ( r  l ours)  Demand ( Lis) I l ead ( m )  Pressure (m)  
0 : 00 1 .69 255 .68  1 3 .48 
I :00 1 .67 255 . 69 1 3 .49 
2 :00 1 . 63 255 . 7 1 1 3 . 5 1 
3 :00 1 . 65 255 .70 1 3 . 50  
4 :00 1 .67 255 . 69 1 3 .49 
5 : 00 1 . 86 255 . 57  1 3 . 3 7  
6 :00 1 . 82 255 .60 1 3 .40 
7 : 00 1 . 79 255 . 62 1 3 .42 
8 :00 1 . 82 255 . 60 1 3 .40 
9 : 00 1 . 8 1  255 .6 1 1 3 .4 1 
1 0 : 00 1 . 79 255 .62 1 3 .42 
1 1 : 00 1 . 8 1  255 .6 1 1 3 .4 1 
1 2 : 00 1 . 79 255 .62 1 3 .42 
1 3 :00 1 . 79 255 .62 1 3 .42 
1 4 :00 1 . 77 255 . 63 1 3 .43 
1 5 :00 1 . 79 255 .62 1 3 .42 
1 6: 00 1 . 82 255 .60 1 3 .40 
1 7 :00 1 . 5 8  255 . 74 1 3 . 54  
] 8 : 00 1 .60 255 . 73 1 3 . 53  
1 9 :00 1 . 5 1  255 .78 1 3 . 58  
20 :00 1 .63 255 . 7 1  1 3 . 5 1 
2 1 : 00 1 .65 255 . 70 1 3 . 50  
22 :00 1 .67 255 .69 1 3 .49 
23 :00 1 .69 255 .68 1 3 .48 
24:00:00 1 .69 255 .68 1 3 .48 
26). D MA ( D ist rict  Meter)- Time Series detai ls  
Time ( f l ours) Demand ( Lis) 
0 :00 26 .97 
I :00 26 .69 
2 : 00 26. 1 4  
3 : 00 26.42 
4:00 26 .69 
5 : 00 29 . 72 
6 :00 29. 1 7  
7 :00 28.62 
8 : 00 29. 1 7  
9 :00 28.90 
1 0 : 00 28.62 
1 1 : 00 28 .90 
1 2 :00 28.62 
1 3 : 00 28.62 
1 4 : 00 28 .35  
I 5 : 00 28 .62 
1 6 : 00 29. 1 7  
1 7 : 00 ? � "' ?  _ ) , .) _ 
1 8 : 00 25 .59  
1 9 :00 24.22 
20 :00 26. 1 4  
2 1 : 00 26 .42 
22 :00 26 .69 
23 :00 26.97 
24:00 :00 26.97 





















































Scenario - 1  
Ta b u la ted P resen t a t ion o f  Pipes Time Series 
Res u l ts 
t 




F l ow Veloc i ty 
( m )  ( m m )  Lis m/s 
Time 
Length Diameter 
( 111 ) ( 111111 ) 
0 :00 1 00 300 1 30 26.97 0 .38  0 :00 232 .038 200 
I :00 1 00 300 1 30 26 .69 0 .38  I : 00 232 .03 8 200 
2 :00 1 00 300 1 30 26. 1 4  0 .37  2 :00 232.03 8 200 
3 : 00 1 00 300 1 30 26 .42 0 .3 7 3 : 00 232.038 200 
4 :00 1 00 3 00 1 30 26 .69 0 .38  4 :00 232 .038 200 
5 :00 1 00 300 1 30 29.72 0 .42 5 :00 232 .038 200 
6 : 00 1 00 300 1 30 29. 1 7  0 .4 1 6 :00 232 .038 200 
7 : 00 1 00 300 1 30 28.62 0 .4 7 :00 232 .038 200 
8 :00 1 00 300 1 30 29. 1 7  0 .4 1 8 : 00 232 .038 200 
9 :00 1 00 3 00 1 30 28 .90 0.4 1 9 :00 232 .038 200 
1 0 :00 1 00 3 00 1 30 28 . 62 0.4 1 0 :00 232.038 200 
1 1 : 00 1 00 3 00 1 30 28 .90 0 .4 1 1 I : 00 232 .038 200 
1 2 :00 1 00 300 1 30 28 .62 0.40 1 2 : 00 232 .038 200 
1 3 :00 1 00 300 1 30 28 .62 0 .40 1 3 :00 232.038 200 
1 4 :00 1 00 300 1 30 28 .35  0.40 1 4 :00 232.038 200 
1 5 :00 1 00 300 1 30 28 .62 0.40 1 5 :00 232.038 200 
1 6 :00 1 00 300 1 30 29. 1 7  0 .4 1 1 6 :00 232 .038 200 
1 7 :00 1 00 300 1 30 25 .32  0 .36 1 7 :00 232.038 200 
1 8 :00 1 00 300 1 30 25 . 59 0 .36 1 8 :00 232.038 200 
1 9 :00 1 00 300 1 30 24.22 0.34 1 9 : 00 232.038 200 
20 :00 1 00 300 1 30 26. 1 4  0 .37 20 :00 232.038 200 
2 1 :00 1 00 300 1 30 26.42 0 .37  2 1 :00 232 .03 8 200 
22 :00 1 00 300 1 30 26 .69 0.38 22 :00 232.038 200 
23 :00 1 00 300 1 30 26.97 0.3 8 23 :00 232.038 200 




1 30 1 3 .08 
1 30 1 2 .95 
1 30 1 2 .68 
1 30 1 2 . 8 1 
1 30 1 2 .95 
1 30 1 4 .4  I 
1 30 1 ·+.1 5  
1 30 1 3 . 88  
1 30 I 4 .  I 5 
1 30 1 4 .0 1 
1 30 1 3 .88  
1 30 1 4. 0 1 
1 30 1 3 .88  
1 30 1 3 . 88  
1 30 1 3 .75  
1 30 1 3 .88  
1 30 1 4 . 1 5  
1 30 1 2 .28 
1 30 1 2 .4 1 
1 30 1 1 . 74 
1 30 1 2 .68 
1 30 1 2 .8 1 
1 30 1 2 .95 
1 30 1 3 .08 
1 30 1 3 .08 
Ye loc i t; 
m s  
0 .42 
0 .4 1 
OAO 
0 .4 1 























3).  Pipe P-3 Time Se ries detai ls  
Length Diameter F low Veloci ty 
Time ( m )  ( m m )  Roughness Lis m/s 
0 :00 9.975 200 1 30 3 . 1 2  0 . 1 0  
I :00 9 .975 200 1 30 3 .08 0 . 1 0  
2 : 00 9.975 200 1 30 3 . 02 0 . 1 0  
3 : 00 9.975 200 1 30 3 .05  0 . 1 0  
4 : 00 9.975 200 1 30 3 .08 0 . 1 0  
5 : 00 9 .975 200 1 30 3 .43 0 . 1 1  
6 :00 9 .975 200 1 30 3 . 37  0 . 1 1  
7 :00 9.975 200 1 30 3 .3 1 0 . 1 1  
8 : 00 9.975 200 1 30 3 . 37  0 . 1 1  
9 : 00 9.975 200 1 30 3 .34 0 . 1 1  
1 0 : 00 9.975 200 1 30 3 . 3 1 0 . 1 1  
I I  : 00 9 .975 200 1 30 3 . 34 0 . 1 1  
1 2 :00 9.975 200 1 30 3 . 3 1 0 . 1 1  
1 3 :00 9 .975 200 1 30 3 .3 1 0 . 1 1  
1 4 : 00 9.975 200 1 30 3 . 27  0 . 1 0  
1 5 : 00 9.975 200 1 30 3 . 3 1 0 . 1 1  
1 6 : 00 9 .975 200 1 30 3 . 37  0 . 1 1  
1 7 :00 9.975 200 1 30 2 .92 0 .09 
1 8 :00 9.975 200 1 30 2 .96 0 .09 
1 9 :00 9 .975 200 1 30 2 . 80 0 .09 
20 :00 9.975 200 1 30 3 .02 0 . 1 0  
2 1 :00 9.975 200 1 30 3 .05 0 . 1 0  
22:00 9.975 200 1 30 3 .08 0 . 1 0  
23 : 00 9.975 200 1 30 3 . 1 2  0 . 1 0  
24 :00 9.975 200 1 30 3 . 1 2  0 . 1 0  I - - ----
4) .  Pipe P-4 Time Series detai ls  
Length D1ameter 
Time ( m )  ( mm )  Roughness 
0 :00 1 60 .264 200 1 30 
I :00 1 60 .264 200 1 30 
2 :00 1 60 . 264 200 1 30 
3 : 00 1 60 .264 200 1 30 
4 :00 1 60 .264 200 1 30 
5 : 00 I 60.264 200 1 30 
6 :00 1 60 .264 200 1 30 
7 :00 1 60 .264 200 1 30 
8 :00 1 60 .264 200 1 30 
9 :00 1 60 .264 200 1 30 
1 0 : 00 I 60.264 200 1 30 
I I  :00 1 60 . 264 200 1 30 
1 2 :00 1 60.264 200 1 30 
1 3 :00 1 60 .264 200 1 30 
1 4 : 00 1 60 .264 200 1 30 
1 5 :00 1 60 .264 200 1 30 
1 6 :00 1 60.264 200 1 30 
1 7 :00 1 60 .264 200 1 30 
1 8 :00 1 60 .264 200 1 30 
1 9 :00 1 60 .264 200 1 30 
20 :00 1 60 .264 200 1 30 
2 1 :00 1 60 .264 200 1 30 
22:00 1 60 .264 200 1 30 
23 : 00 1 60 .264 200 1 30 
24:00 1 60.264 200 1 30 
F lO\\ 
L/<; 
1 3  89 
1 3 .75 
1 3 .46 
1 3 .6 1 
1 3 .75 
1 5 . 3 1 
1 5 .02 
1 4 . 74 
1 5 .02 
1 4 .88 
1 4. 74 
1 4 .88  
1 4 . 74 
1 4 . 74 
1 4.60 
1 4 . 74 
1 5 .02 
1 3 . 04 
1 3 . 1 8 
1 2 .47 
1 3 .46 
1 3 .6 1 
1 3 .75 
1 3 . 89 































5).  Pipe P-5 Time Series detai ls  
Time 
Length D iameter 
Roughness 
F low Veloc i ty 
( m )  ( m m )  Lis m/s 
0 :00 2 .38 I SO 1 30 1 3 .89 0 . 79 
I :00 2 .38 1 SO 1 30 1 3 .7S  0 .78 
2 :00 2 .38  I SO 1 30 1 3 .46 0 . 76 
3 : 00 2 .38  I SO 1 30 1 3 .6 1 0 .77  
4 :00 2 .38  I SO 1 30 1 3 .7S  0 .78 
S : OO 2 . 38  I SO 1 30 I S . 3 1 0 .87  
6 :00  2 . 38  I SO 1 30 I S .02 0 .8S 
7 :00 2 . 38  1 SO 1 30 1 4. 74 0 .83 
8 : 00 2 .38  I SO 1 30 1 S . 02 0 .8S  
9 :00 2 .38  I SO 1 30 1 4 .88  0 .84  
1 0 :00 2 .38  I SO 1 30 1 4 . 74 0 .83 
1 1 :00 2 . 38  1 SO 1 30 1 4 .88  0.84 
1 2 : 00 2 .38  I SO 1 30 1 4 . 74 0 .83 
1 3 :00 2 .38  I SO 1 30 1 4 . 74 0 .83 
1 4 :00 2 .38  1 SO 1 30 1 4 .6 0 .83 
1 S :OO 2 .38 I SO 1 30 1 4 . 74 0 .83 
1 6 :00 2 .38  1 SO 1 30 1 S .02 0 .8S 
1 7 :00 2 .38  1 SO 1 30 1 3 .04 0 .74 
1 8 :00 2 . 38  1 SO 1 30 1 3 . 1 8  0 .7S  
1 9 :00 2 . 38  1 SO 1 30 1 2 .47 0. 7 1  
20 :00 2 .38  1 SO 1 30 1 3 .46 0 .76 
2 1 :00 2 .38 I SO 1 30 1 3 .6 1 0 .77 
22:00 2 .38  I SO 1 30 1 3 . 7S 0.78 
23 :00 2 .38 1 SO 1 30 1 3 .89 0 .79 
24:00 2 .38  I SO 1 30 1 3 .89 0 .79 i 
6).  Pipe P-6 Time Series detai ls  
-
Time 
Length D iameter 
Roughness ( m )  (mm)  
0 :00 3S4.92 I SO 1 30 
I : 00 3S4.92 1 50 1 30 
2 : 00 3S4.92 1 50 1 30 
3 :00 3S4 .92 I SO 1 30 
4 :00 3S4.92 1 50 1 30 
5 :00 3S4 .92 I SO 1 30 
6 :00 3S4.92 1 50 1 30 
7 :00 3S4 .92 1 50 1 30 
8 :00 3S4 .92 1 50 1 30 
9 :00 354.92 I SO 1 30 
1 0 :00 354.92 1 50 1 30 
1 1 : 00 354 .92 I SO 1 30 
1 2 : 00 3S4 .92 1 50 1 30 
1 3 :00 3S4.92 I SO 1 30 
I -l :OO 354.92 I SO 1 30 
1 5 :00 3S4 .92 1 50 1 30 
1 6 :00 3S4 .92 I SO 1 30 
1 7 :00 354 .92 I SO 1 30 
1 8 :00 3S4.92 I SO 1 30 
1 9 : 00 3S4.92 I SO 1 30 
20 :00 3S4 .92 1 50 1 30 
2 1 : 00 3S4 .92 I SO 1 30 
22 :00 3S4 .92 I SO 1 30 
23 :00 354 .92 I SO 1 30 
24:00 354.92 I SO 1 30 
F lO\\ 
Lis 
3 . 29 
3 .26 




3 .56  
3 . 5  
3 . S6  
3 .S3 
3 .S  
3 .S3  
3 . 5 
3 . 5  
3 .46 
3 . 5  
3 .S6  
3 . 09 
3 . 1 3  
2 .96 





Ve loc t ly 
rn/s 
0. 1 9  
-
0. 1 8  
-
0 . 1 8  
-
0. 1 8  
0 . 1 8  
-
0 .2 1 











0 . 1 8  
0 . 1 8  
0 . 1 7  
0 . 1 8  
0 . 1 8  
0. 1 8  
0. 1 9  
0. 1 9  
+­
-.) 




F low Veloc i ty 
( m )  ( m m )  Lis m/s 
0 : 00 I 05 . 3  1 50 1 30 3 . 29 0 . 1 9  
I : 00  1 05 .3  1 50 1 30 3 .26 0 . 1 8  
2 : 00 I 05 . 3  1 50 1 30 3 . 1 9  0 . 1 8  
3 : 00 1 05 . 3  1 50 1 30 3 .23 0 . 1 8  
4 : 00 I 05 .3  1 50 1 30 3 .26 0 . 1 8  
5 :00 1 05 . 3  1 50 1 30 3 . 63 0.2 1 
6 :00 I 05 .3  1 50 1 30 3 . 56  0.2 
7 : 00 1 05 . 3  1 50 1 30 3 . 5  0 .2 
8 : 00 1 05 . 3  1 50 1 3 0  3 . 56  0 .2 
9 : 00 1 05 . 3  1 50 1 30 3 .53  0 .2  
1 0 : 00 1 05 . 3  1 50 1 30 3 . 5  0 .2 
1 1 : 00 1 05 . 3  1 50 1 30 3 . 53  0 .2 
1 2 :00 1 05 .3  1 50 1 30 3 .5 0 .2 
1 3 : 00 1 05 . 3  1 50 1 30 3 . 5  0 .2 
1 4 : 00 1 05 . 3  1 50 1 30 3 .46 0 .2  
1 5 : 00 1 05 . 3  1 50 1 30 3 . 5  0 . 2  
1 6 : 00 1 05 . 3  1 50 1 30 3 . 56 0 .2 
1 7 :00 1 05 . 3  1 50 1 30 3 .09 0 . 1 8  
1 8 : 00 1 05 . 3  1 50 1 30 3 . 1 3  0. 1 8  
1 9 : 00 I 05 .3  1 50 1 30 2 .96 0. 1 7  
20 :00 I 05 .3 1 50 1 30 3. 1 9  0 . 1 8  
2 1 :00 I 05 .3  1 50 1 30 3 .23 0 . 1 8  
22 :00 1 05 . 3  1 50 1 30 3 .26 0 . 1 8  
23 : 00 1 05 .3  1 50 1 30 3 . 29 0 . 1 9  
24 : 00 I 05 . 3  1 50 1 30 3 . 29 0 . 1 9  
8). P ipe P-8 Time Series detai ls  
Time 
Length D iameter 
Roughness 
( m )  (mm)  
0 :00 354 .9 1 1 50 1 30 
I :00 354 .9 1 1 50 1 30 
2 : 00 354 .9 1 1 50 1 30 
3 : 00 354 .9 1 1 50 1 30 
4 :00 354 .9 1 1 50 1 30 
5 : 00 354 .9 1 1 50 1 30 
6 : 00 354 .9 1 1 50 1 30 
7 :00 354 .9 1 1 50 1 30 
8 :00 354 .9 1 1 50 1 30 
9 :00 354 .9 1 1 50 1 30 
1 0 : 00 354 .9 1 1 50 1 30 
1 1 : 00 354 .9 1 1 50 1 30 
1 2 : 00 3 54.9 1 1 50 1 30 
1 3 : 00 354 .9 1 1 50 1 30 
1 4 :00 354 .9 1 1 50 1 30 
1 5 : 00 354 .9 1 1 50 1 30 
1 6 :00 354.9 1 1 50 1 30 
1 7 : 00 354 .9 1 1 50 1 30 
1 8 : 00 354 .9 1 1 50 1 30 
1 9 : 00 354 .9 1 1 50 1 30 
20 :00 354 .9 1 1 50 1 30 
2 1 : 00 354.9 1 1 50 1 30 
22 :00 354 .9 1 1 50 1 30 
23 : 00 354 .9 1 1 50 1 30 










3 . 56  
3 . 5  
3 . 56  
3 . 53  
3 . 5  
3 . 53  
3 . 5  
3 .5  
3 . 46 
3 . 5  
3 . 56  
3 . 09 
3 . 1 3  
2.96 
3 . 1 9  
3 . 23 
3 .26 
3 . 29 
3. 29 
Veloc J t) 
m s  
0 1 9  
-
0 1 8  
0 1 8  
-
0 1 8  
0 . 1 8  












0 . 1 8  
0 . 1 8  
0 . 1 7  
0�  
0 . 1 8  
0 . 1 8  
0 . 1 9  
0. 1 9  
� 00 




F l ow Veloc i ty 
( 111 ) (mm)  Lis m/s 
0 : 00 1 05 .97 1 50 1 30 1 .6 1  0 .09 
1 : 00 1 05 .97 1 50 1 30 1 . 59 0 .09 
2 : 00 1 05 .97 1 50 1 30 1 . 56  0 .09 
3 : 00 1 05 . 97 1 50 1 30 1 . 5 8  0 .09 
4 :00 1 05 .97 1 50 1 30 1 . 59 0 .09 
5 : 00 1 05 .97 1 50 1 30 1 .77  0. 1 
6 : 00 1 05 .97 1 50 1 30 1 . 74 0 . 1 
7 : 00 1 05 .97 1 50 1 30 1 . 7 1  0 . 1 
8 :00 1 05 .97 1 50 1 30 1 . 74 0 . 1 
9 : 00 1 05 .97 1 50 1 30 l . 72 0 . 1 
1 0 :00 1 05 .97 1 50 1 30 1 . 7 1  0 . 1 
1 1 : 00 1 05 .97 1 50 1 30 1 . 72 0 . 1 
1 2 :00 1 05 .97 1 50 1 30 1 . 7 1  0 . 1 
1 3 :00 1 05.97 1 50 1 30 1 . 7 1  0 . 1 
1 4 :00 1 05 .97 1 50 1 30 1 .69 0 . 1 
1 5 : 00 1 05 .97 1 50 1 30 1 . 7 1  0 . 1 I 
1 6 :00 1 05 .97 1 50 1 30 1 . 74 0 . 1 
1 7 :00 1 05 .97 1 50 1 30 1 . 5 1  0 .09 
1 8 : 00 1 05 .97 1 50 1 30 1 . 53 0 .09 
1 9 :00 1 05.97 1 50 1 30 1 .44 0 .08 
20 :00 1 05 .97 1 50 1 30 1 .56  0 .09 
2 1 :00 1 05 . 97 1 50 1 30 1 . 5 8  0.09 
22 :00 1 05 .97 1 50 1 30 1 . 59 0 .09 
23 :00 1 05 . 97 1 50 1 30 1 .6 1  0 .09 
24:00 1 05 .97 1 50 ! 30 1 .6 1  0 .09 
1 0) .  Pipe P- J O  Time Series detai ls  
Time 
Length Diameter 
Roughness (m) (mm)  
0 : 00 2 1  1 50 1 30 
I : 00 2 1  1 50 1 30 
2 : 00 2 1  1 50 1 30 
3 :00 2 1  1 50 1 30 
4 : 00 2 1  1 50 1 30 
5 :00 2 1  ! 50 1 30 
6 :00 2 1  1 50 1 30 
7 :00 2 1  1 50 1 30 
8 : 00 2 1  1 50 1 30 
9 :00 2 1  1 50 1 30 
1 0 :00 2 1  1 50 1 30 
I I  :00 2 1  1 50 1 30 
1 2 :00 2 1  1 50 1 30 
1 3 : 00 2 1  1 50 1 30 
1 4 :00 2 1  1 50 1 30 
1 5 : 00 2 1  1 50 1 30 
1 6 :00 2 1  1 50 1 30 
1 7 :00 2 1  1 50 1 30 
1 8 :00 2 1  1 50 1 30 
1 9 :00 2 1  I SO 1 30 
20:00 2 1  1 50 1 30 
2 1 : 00 2 1  1 50 1 30 
22 :00 2 1  1 50 1 30 
23 :00 2 1  1 50 1 30 
24:00 2 1  1 50 l 30 
F low 
Lis 
I A I  
1 .39 
1 .36 
1 .3 8  
1 .39 
1 . 5 5  
1 . 52 
1 .49 
1 . 52 
1 . 5 I 
1 .49 





1 . 52 
1 .32 
1 . 34 
1 .26 
1 .36  
1 .38 
1 .39 
1 .4 1  


































0 :00 1 05 .97 
1 : 00 1 05 .97 
2 : 00 1 05 .97 
3 :00 1 05 .97 
4 :00 1 05 .97 
5 : 00 1 05 .97 
6 : 00 1 05 .97 
7 :00 1 05 .97 
8 : 00 1 05 .97 
9 :00 1 05 .97  
1 0 :00 1 05 .97 
I I  : 00 1 05 .97 
1 2 : 00 1 05 .97 
1 3 : 00 1 05 .97 
1 4 :00 1 05 .97 
1 5 :00 1 05 .97 
1 6 :00 1 05 .97 
1 7 :00 1 05 .97 
1 8 : 00 1 05 .97 
1 9 :00 1 05 .97 
20 :00 1 05.97 
2 1 :00 1 05 .97 
22 :00 1 05 .97 
23 :00 1 05 .97 
24:00 1 05 .97 
D iameter  





















































F low Ve loc i ty 
Lis rn/s 
0 .93 0 .05 
0 .92 0 .05 
0 .90 0 .05 
0.9 1 0 .05 
0 .92 0 .05 
1 .03 0 .06 
1 .0 1  0.06 
0 .99 0 .06 
1 .0 I 0.06 
1 .00 0.06 
0 .99 0.06 
1 .00 0.06 
0.99 0.06 
0 .99 0.06 
0.98 0.06 
0.99 0 06 
1 .0 1  0.06 
0 .88  0 .05  
0 . 89 0.05 
0.84 0.05 
0.90 0.05 
0.9 1 0 .05 
0.92 0.05 
0 .93 0 .05 
0 .93 0.05 
1 2 ). P ipe P- I 2 Time Se ries deta i ls 
Time 
Length D iameter 
Roughness 
( rn ) (mm)  
0 :00 763 . 8 1 I SO 1 30 
I : 00 763 . 8 1 I SO 1 30 
2 :00 763 . 8 1 I SO 1 30 
3 : 00 763 .8  I I 50  1 30 
4 :00 763 . 8 1 I SO 1 30 
5 :00 763 . 8 1 I 50  1 30 
6 :00 763 .8  I I SO 1 30 
7 :00 763 . 8  I I SO 1 30 
8 :00 763 . 8  I I 50  1 30 
9 :00 763 . 8 1 I SO 1 30 
1 0 :00 763 .8 1 I SO 1 30 
1 1 : 00 763 .8 1 I SO 1 30 
1 2 : 00 763 . 8 1 I SO 1 30 
1 3 :00 763 . 8 1 I SO 1 30 
1 4 : 00 763 .8  I 1 50 1 30 
1 5 :00 763 .8 1 I SO 1 30 
1 6 :00 763 . 8 1 1 50 1 30 
1 7 :00 763 .8 1 I SO 1 30 
1 8 :00 763 .8  I 1 50 1 30 
1 9 :00 763 .8 1 1 50 1 30 
20 :00 763 .8 1 I SO 1 30 
2 1 : 00 763 .8 1 1 50 1 30 
22 :00 763 .8 1 I SO 1 30 
23 :00 763 .8 1 I SO 1 30 









0 .8 I 
0 .80 
0 .8 1 
0 .8 1 
0 .80 





0 .8 1 
0 .7 1 







Ve loc J t) 




























1 3) .  Pipe P- 1 3  Ti me Series deta ils 1 4) .  Pipe P- 1 4  Time Se ries deta i ls 
Time 
Length D iameter 
Roughness 
F low Veloc i ty 




FlO\\ Veloc 1 t). 
( m )  ( m m )  Lis m s  
0 : 00 764 1 50 1 30 1 . 2 1  0 .07 0 :00 764 1 50 1 30 1 .48  0.08 
I :00 764 1 50 1 30 1 .2 0 .07 I :00 764 ! 50 1 30 1 .47 0 08 
2 : 00 764 1 50 1 30 1 . 1 8  0 .07 2 : 00 764 I SO 1 30 1 . 4-1 0.08 
3 :00 764 1 50 1 30 1 . 1 9 0 .07 3 : 00 764 I SO 1 30 1 .45 0.08 
4 : 00 764 1 50 1 30 1 .20 0.07 4 :00 764 I SO 1 30 1 .47 0.08 
5 : 00 764 1 50 1 30 1 . 34 0 .08 5 : 00 764 1 50 1 30 1 .63 0 .09 
6 : 00 764 1 50 1 30 1 .3 1  0 .07 6 :00 76-1 I SO 1 30 1 .60 0 .09 
7 : 00 764 1 50 1 30 1 .29 0.07 7 :00 764 1 50 1 30 1 . 5 7  0 .09 
8 : 00 764 1 50 1 30 1 .3 1  0 .07 8 : 00 764 1 50 1 30 1 .60 0 .09 
9 :00 764 1 50 1 30 1 .30  0 .07 9 :00 76-1 1 50 1 30 ! . 59 0.09 
1 0 :00 764 1 50 1 30 1 . 29 0 .07 1 0 :00 764 1 50 1 30 1 . 5 7  0 .09 
I 1 :00 764 1 50 1 30 1 .30  0.07 1 1 : 00 764 1 50 1 30 1 . 59 0 .09 
1 2 :00 764 1 50 1 30 1 .29 0 .07 1 2 :00 764 1 50 1 30 1 . 57  0 .09 
1 3 :00 764 1 50 1 30 1 .29 0 .07 1 3 : 00 764 1 50 1 30 1 . 5 7  0 .09 
1 4 :00 764 1 50 1 30 1 .27  0 .07  1 4 :00 764 1 50 1 30 1 . 56  0 .09 
1 5 :00 764 1 50 1 30 1 .29 0 07 1 5 : 00 764 1 50 1 30 1 . 5 7  0 .09 
1 6 :00 764 1 50 1 30 1 .3 1  0.07 1 6 :00 764 1 50 1 30 1 .60 0.09 
1 7 :00 764 1 50 1 30 1 . 1 4 0 .06 1 7 : 00 76-1 1 50 1 30 1 .39 0.08 
1 8 :00 764 1 50 1 30 1 . 1 5  0 .07 1 8 :00 764 1 50 1 30 1 .4 1  0.08 
1 9 :00 764 1 50 1 30 1 .09 0.06 1 9 :00 764 1 50 1 30 1 . 33 0.08 
20 :00 764 1 50 1 30 1 . 1 8  0 .07 20 :00 764 1 50 1 30 1 .44 0.08 
2 1 :00 764 1 50 1 30 1 . 1 9 0 .07 2 1 :00 764 1 50 1 30 1 .45  0 .08 
22 :00 764 1 50 1 30 1 .20  0.07 22:00 764 1 50 1 30 1 .47 0.08 
23 :00 764 1 50 1 30 1 .2 1  0 .07 23 :00 764 1 50 1 30 1 .48 0 .08 
24:00 764 1 50 1 30 1 .2 1  0 .07 24:00 764 I SO 1 30 1 .48  0 .08  
V'l 
1 5) .  P ipe P- 1 5  Time Se ries deta i ls  
Time 
Length D iameter 
Roughness 
F low Veloc i ty 
(m)  (mm)  Lis m/s 
0 : 00 25 .67  1 50 1 30 0.4 1 0 .02 
I :00 25 .67 1 50 1 30 0.40 0 .02 
2 : 00 25 .67 1 50 1 30 0 .39 0 .02 
3 : 00 25 .67  1 50 1 30 0 .40 0 .02 
4:00 25 .67  1 50 1 30 0 .40 0.02 
5 : 00 25 .67  1 50 1 30 0.45 0 .03 
6 : 00 25 .67  1 50 1 30 0 .44 0 .02 
7 :00 25 .67 1 50 1 30 0 .43 0 .02 
8 :00 25 . 67 1 50 1 30 0 .44 0 .02 
9 : 00 25 .67 1 50 1 30 0 .43 0 .02 
1 0 :00 25 .67 1 50 1 30 0 .43 0 .02 
I I  :00 25 .67 1 50 1 30 0 .43 0 .02 
1 2 :00 25 .67 1 50 1 30 0 .43 0 .02 
1 3 :00 25 .67 1 50 1 30 0 .43 0.02 
1 4 :00 25 .67 1 50 1 30 0 .43 0.02 
1 5 : 00 25 .67 ! 50 1 30 0 .43 0 .02 
1 6 :00 25 .67 1 50 1 30 0.44 0 .02 1 
1 7 :00 25 .67 1 50 1 30 0 .38  0.02 
1 8 :00 25 .67 1 50 1 30 0 .38  0 .02 
1 9 :00 25 .67 1 50 1 30 0 .36 0 .02 
20:00 25 .67 1 50 1 30 0 .39 0 .02 
2 1 : 00 25 .67 1 50 1 30 0 .40 0 .02 
22 :00 25 .67 I SO 1 30 0 .40 0 .02 
23 : 00 25 .67 1 50 1 30 0.4 1 0 .02 
24 :00 25 .67 1 50 1 30 0 .4 1 0 .02 
1 6) .  P ipe P- 1 6  Time Se ries de ta i ls 
Time 
Length D iameter 
Roughness ( m )  (mm)  
0 :00 1 05 .97 1 50 1 30 
I :00 1 05 .97 1 50 1 30 
2 : 00 1 05 .97 1 50 1 30 
3 : 00 1 05 .97 1 50 1 30 
4 :00 1 05 .97 1 50 1 30 
5 : 00 1 05 .97 1 50 1 30 
6 : 00 I 05 .97 1 50 1 30 
7 :00 I 05 .97 1 50 1 30 
8 : 00 1 05 .97 1 50 1 30 
9 :00 1 05 .97 1 50 1 30 
1 0 :00 1 05 .97 1 50 1 30 
1 1 : 00 1 05 .97 1 50 1 30 
1 2 : 00 1 05 .97 1 50 1 30 
1 3 : 00 1 05 .97 1 50 1 30 
1 4 : 00 1 05 .97 1 50 1 30 
1 5 : 00 I 05 .97 1 50 1 30 
1 6 : 00 1 05 .97 1 50 1 30 
1 7 :00 1 05 .97 1 50 1 30 
1 8 : 00 1 05 .97 1 50 1 30 
1 9 :00 1 05 .97 1 50 1 30 
20 :00 1 05 .97 1 50 1 30 
2 1 :00 I OS .97 I SO 1 30 
22 :00 1 05 .97 1 50 1 30 
23 :00 I OS .97 I SO 1 30 




2 .8 1 
2 . 76 
2 .78 
2 . 8 1  














2 . 55  
2 . 76 
2 . 78 




Veloc i t) 
m/s 
0. 1 6  
0 . 1 6  
0. 1 6  
- -
0 1 6  
0 . 1 6  
-
0. 1 8  
0. 1 7  
0 1 7  
0 . 1 7  
0. 1 7  
0 . 1 7  
0 . 1 7  
0 . 1 7  
0 . 1 7  
0 . 1 7  
0 . 1 7  
0 . 1 7  
0 . 1 5  
0 . 1 5  
0 . 1 4  
0 . 1 6  
0 . 1 6  
0 . 1 6  
0. 1 6  




1 7) .  Pipe P- 1 7  Time Se ries de ta i ls 
Time 
Length D iameter 
Roughness 
Flow Veloc ity 
( m )  ( 111 111 ) Us m/s 
0 : 00 2 1  1 50 1 30 5 . 74 0 .32  
1 :00 2 1  1 50 1 30 5 .68  0 .32  
2 :00 2 1  1 50 1 30 5 . 5 7  0 .3 1 
3 :00 2 1  ! 50 1 30 5 .62 0 .32 
4 :00 2 1  1 50 1 30 5 .68  0 .32  
5 :00 2 1  1 50 1 30 6 .33  0 .36 
6 : 00 2 1  1 50 1 30 6 .2 1 0 .35  
7 :00 2 1  1 50 1 30 6.09 0.34 
8 : 00 2 1  1 50 1 30 6 .2 1 0 .35  
9 :00 2 1  1 50 1 30 6 . 1 5  0 .35  
1 0 :00 2 1  1 50 1 30 6 .09 0.34 
1 1 : 00 2 1  1 50 1 30 6 . 1 5  0 .35  
1 2 :00 2 1  1 50 1 30 6 .09 0.34 
1 3 :00 2 1  1 50 1 30 6 .09 0 .34 
1 4 :00 2 1  1 50 1 30 6 .03 0 .34 
1 5 :00 2 1  1 50 1 30 6 .09 0.34 
1 6 :00 2 1  1 50 1 30 6 .2 1 0 .35 
1 7 :00 2 1  1 50 1 30 5 .39 0 .3 
1 8 :00 2 1  1 50 1 30 5 .45 0 .3 1 
1 9 :00 2 1  1 50 1 30 5 . 1 5  0 .29 
20 :00 2 1  1 50 1 30 5 . 5 7  0 .3 1 
2 1 :00 2 1  1 50 1 30 5 .62 0.32 
22:00 2 1  1 50 1 30 5 .68 0.32 
23 :00 2 1  1 50 1 30 5 . 74 0 .32 
24:00 2 1  1 50 1 30 5 . 74 0 .32 
1 8) .  Pipe P- 1 8  Time Se ries detai ls  
-
Time 
Length 0 ia 111eter 
Roughness ( 111 ) ( 111 111 ) 
0 :00 1 05 .97 1 50 1 30 
I : 00 1 05 .97 1 50 1 30 
2 : 00 1 05 .97 1 50 1 30 
3 : 00 I 05 .97 1 50 1 30 
4 :00 1 05 .97 1 50 1 30 
5 : 00 1 05 .97 1 50 1 30 
6 :00 1 05 .97 1 50 1 30 
7 :00 1 05 .97 1 50 1 30 
8 : 00 1 05 .97 I SO 1 30 
9 :00 1 05 .97 1 50 1 30 
1 0 :00 I 05 .97 1 50 1 30 
I I  : 00 1 05 .97 1 50 1 30 
1 2 :00 1 05 .97 1 50 1 30 
1 3 :00 1 05 .97 1 50 1 30 
1 4 :00 1 05 .97 1 50 1 30 
1 5 : 00 1 05 .97 1 50 1 30 
1 6 :00 1 05 .97 1 50 1 30 
1 7 : 00 1 05 .97 1 50 1 30 
1 8 :00 1 05 .97 1 50 1 30 
1 9 : 00 1 05 .97 1 50 1 30 
20 :00 1 05 .97 1 50 1 30 
2 1 : 00 1 05 .97 1 50 1 30 
22 :00 1 05 .97 1 50 1 30 
23 :00 1 05 .97 1 50 1 30 
24:00 1 05 .97 1 5Q L_ . - 1 30 L_-
F IO'v\ 
Us 









9 .55  
9.46 










8 . 73 
8 . 82 
8.9 1 
8 .9 1 
Veloc i t) 
In/S 
0.5 




0 .5  
0 .56  
0 .55  
0 .54  








0 .55  






0 .5  
0 .5  
0 .5 
1 9) .  Pipe P- 1 9  Time Series  de ta i ls 
Time 
Length D iameter 
Roughness 
Flow Veloc i ty 
( 111 ) ( 111 111 ) Us 111/s 
0 : 00 350 .93 1 50 1 30 0 .4 1 0 .02 
1 :00 350 .93 1 50 1 30 0 .40 0.02 
2 : 00 350 .93 1 50 1 30 0 .39 0.02 
3 : 00 350 .93 1 50 1 30 0.40 0 .02 
4 :00 350 .93 1 50 1 30 0 .40 0.02 
5 : 00 3 50 .93 1 50 1 30 0 .45 0 .03 
6 : 00 350.93 1 50 1 30 0 .44 0 .02 
7 :00 350 .93 1 50 1 30 0 .43 0 .02 
8 : 00 350 .93 1 50 1 30 0 .44 0 .02 
9 : 00 350.93 1 50 1 30 0 .43 0 .02 
1 0 :00 350.93 1 50 1 30 0 .43 0 .02 
1 1 : 00 350.93 1 50 1 30 0 .43 0 .02 
1 2 :00 350.93 1 50 1 30 0.43 0.02 
1 3 :00 350.93 I SO 1 30 0 .43 0.02 
1 4 :00 350.93 I SO 1 30 0 .43 0.02 
1 5 : 00 350 .93 1 50 1 30 0 .43 0 .02 
1 6 :00 3 50.93 1 50 1 30 0 .44 0.02 
1 7 :00 350 .93 I SO 1 30 0 .38  0 .02 
1 8 :00 350.93 1 50 1 30 0 .38  0 .02  I 
' 
1 9 :00 350 .93 I SO 1 30 0 .36 0 .02 
20:00 350.93 1 50 1 30 0 .39 0 .02 
2 1 :00 350.93 I SO 1 30 0.40 0.02 
22 :00 350.93 I SO 1 30 0 .40 0.02 
23 :00 350 .93 I SO 1 30 0 .4 1 0 .02 
24:00 350 .93 I SO 1 30 0 .4 1 0 .02 --
20).  Pipe P-20 Time Series detai ls  
Time 
Length Diameter 
Roughness ( 111 ) (m 111 ) 
0 : 00 25 .67 I SO 1 30 
I : 00 25 .67  I SO 1 30 
2 :00 25 .67 I SO 1 30 
3 : 00 25 .67 I SO 1 30 
4 :00 25 .67 I SO 1 30 
5 : 00 25 .67 I SO 1 30 
6 :00 25 .67 1 50 1 30 
7 :00 25 .67 1 50 1 30 
8 : 00 25 .67  1 50 1 30 
9 :00 25 .67 1 50 1 30 
1 0 : 00 25 .67 1 50 1 30 
1 1 : 00 25 .67 1 50 1 30 
1 2 :00 25 .67 1 50 1 30 
1 3 : 00 25 .67 1 50 1 30 
1 4 : 00 25 .67 1 50 1 30 
1 5 :00 25 .67 1 50 1 30 
1 6 : 00 25 .67 1 50 1 30 
1 7 : 00 25 .67 1 50 1 30 
1 8 : 00 25 .67 1 50 1 30 
1 9 : 00 25 .67 1 50 1 30 
20 :00 25 . 67 I 50  1 30 
2 1 : 00 25 .67 1 50 1 30 
22 :00 25 .67 1 50 1 30 
23 :00 25 .67 1 50 1 30 
24 :00 25 .67 1 50 1 30 
Flov. 
Lis 























0 .4 1 
0.4 1 






























2 1 ). P ipe P-2 1 Ti m e  Series de ta i ls 
T i me 
Length D iameter 
Roughness 
Flow Veloc i ty 
( m )  ( m m )  Us m/s 
0 : 00 I OS .97 I SO 1 30 2 .23 0 . 1 3  
I : 00 1 OS .97 I SO 1 30 2 . 2 1 0 . 1 3  
2 : 00 I OS .97 I SO 1 30 2 . 1 7  0 . 1 2  
3 : 00 1 0S .97 I SO 1 30 2 . 1 9  0 . 1 2  
4 : 00 1 0S .97 I SO 1 30 2 .2 1 0 . 1 3  
S : OO 1 0S .97 I SO 1 30 2.46 0 . 1 4  
6 : 00 1 05 .97 I SO 1 30 2 .42 0 . 1 4  
7 :00 1 0S .97 1 50 1 30 2 . 37  0 . 1 3  
8 : 00 1 0S .97 I SO 1 30 2 .42 0. 1 4  
9 :00 1 0S .97 I SO 1 30 2 .39 0 . 1 4  
1 0 : 00 1 0S .97 I SO 1 30 2 .37  0 . 1 3  
1 1 : 00 1 0S .97 1 SO 1 30 2 .39 0 . 1 4  
1 2 : 00 I OS .97 I SO 1 30 2 .37  0 . 1 3  
1 3 :00 I OS .97 I SO 1 30 2 .37  0 . 1 3  
1 4 :00 I OS .97 I SO 1 30 2 .3S  0 . 1 3  
1 5 : 00 1 0S .97 I SO 1 30 2 .37  0 . 1 3  
1 6 :00 1 0S .97 I SO 1 30 2.42 0 . 1 4  
1 7 : 00 1 0S .97 I SO 1 30 2. 1 0  0 . 1 2  I 
1 8 : 00 1 05 .97 1 50 1 30 2 . 1 2  0 . 1 2  
1 9 : 00 I OS .97 I SO 1 30 2 .0 1 0 . 1 I 
20 :00 1 05 .97 1 50 1 30 2 . 1 7  0 . 1 2  
2 1 : 00 1 0S .97 I SO 1 30 2. 1 9  0 . 1 2  
22 :00 I OS .97 1 SO 1 30 2 .2 1 0 . 1 3  
23 :00 I OS .97 I SO 1 30 2 .23 0 . 1 3  
24 :00 1 05 .97 I SO 1 30 2 .23 0 . 1 3  I 
22) .  Pipe P-22 Time Se ries deta i ls 
Time 
Length Diameter 
Roughness ( m )  ( m m )  
0 : 00 2 1  1 50 1 30 
1 : 00 2 1  ! 50 1 30 
2 : 00 2 1  1 50 1 30 
3 :00 2 1  I SO 1 30 
4 :00 2 1  I SO 1 30 
5 : 00 2 1  I SO 1 30 
6 : 00 2 1  I SO 1 30 
7 :00 2 1  1 50 1 30 
8 : 00 2 1  1 50 1 30 
9 :00 2 1  1 50 1 30 
1 0 : 00 2 1  1 50 1 30 
I I  :00 2 1  1 50 1 30 
1 2 : 00 2 1  I SO 1 30 
1 3 : 00 2 1  1 50 1 30 
1 4 : 00 2 1  I SO 1 30 
I S :OO 2 1  1 50 1 30 
1 6 : 00 2 1  1 50 1 30 
1 7 : 00 2 1  1 50 1 30 
J 8 :00 2 1  1 50 1 30 
1 9 : 00 2 1  ! 50 1 30 
20 :00 2 1  1 50 1 30 
2 1 : 00 2 1  1 50 1 30 
22 :00 2 1  I SO 1 30 
23 :00 I I  1 50 1 30 
24:_9_Q_ 2 1  1 50 1 30 ---
F lo\\ 
Us 






5 . 56  
5 .46 
5 . 56  
5 . 5 1 
5 . 46 
5 . 5 1 
S .46 
S .46 
S .4 1  
S .46 





5 . 04 
5 .09 
5 . 1 4  
5 . 1 4  
Yeloc i t} 








0 .3 1 
0.3 1 
0 .3 1 
0 .3 1 
0 .3 1 
0 .3 1 
0.3 1 
OJ I 
0 .3 1 
0 .3 1 -
0 .27 









23).  P ipe P-23 Time Se ries de ta i ls 24). P ipe P-24 Time Se ries deta i ls 
Time 
Length D iameter 
Roughness 
Flow Veloc i ty 
( m )  (mm)  Lis m/s 
Ti me Lenbrth D iameter Roughness 
F lO\\ Vc loc i l) 
( m )  (mm)  Lis m <;  
0 :00 1 05 .97 1 50 1 30 8 .28  0 .47  0 :00 344.945 1 50 1 30 3 1 2  0. 1 8  
1 : 00 1 05 .97 1 50 1 30 8 . 1 9  0 .46 I :00 344.945 1 50 1 30 3 .08 0 1 7  
2 :00 1 05 .97 1 50 1 30 8 .03 0 .45 2 : 00 344.945 1 50 1 30 3 .02 0. 1 7  
-
3 :00 1 05 .97 1 50 1 30 8 . 1 1  0 .46 3 : 00 344.945 1 50 1 30 3 .05 0 1 7  
4 :00 1 05 .97 1 50 1 30 8 . 1 9  0.46 4:00 344.945 1 50 1 30 3 .08 0. 1 7  
5 : 00 1 05 .97 1 50 1 30 9 . 1 2  0 .52  5 : 00 344.945 1 50 1 30 3 .43 0 . 1 9  
6 :00 1 05 .97 1 50 1 30 8 .95 0 . 5 1 6 :00 344.945 1 50 1 30 3 . 37  0 . 1 9  
7 :00 1 05 .97 1 50 1 30 8 .79 0 .5  7 :00 344.945 1 50 1 30 3 .3 1 0. 1 9  
8 :00 1 05 .97 1 50 1 30 8 .95 0 .5 1 8 : 00 344.945 1 50 1 30 3 . 37  0. 1 9  
9 :00 1 05 .97 1 50 1 30 8 . 87  0 . 5  9 :00 344.945 1 50 1 30 3 .34 0 . 1 9  
1 0: 00 1 05 .97 1 50 1 30 8 .79 0 . 5  1 0 :00 344.945 1 50 1 30 3 .3 1 0 . 1 9  
1 1 : 00 1 05 .97 1 50 1 30 8 . 87  0 .5  I I  : 00 344.945 ! 50 1 30 3 .34 0 . 1 9  
1 2 :00 1 05 .97 1 50 1 30 8 . 79 0 .5 1 2 : 00 344.945 1 50 1 30 3 .3 1 0 . 1 9  
1 3 :00 1 05 .97 1 50 1 30 8 . 79 0 . 5  1 3 :00 344.945 1 50 1 30 3 .3 1 0. 1 9  
1 4 : 00 1 05 .97 1 50 1 30 8 . 70 0 .49 1 4 :00 344.945 ! 50 1 30 3 . 27  0 . 1 9  
1 5 : 00 1 05 .97 1 50 1 30 8 . 79 0 .5  1 5 :00 344.945 1 50 1 30 3 . 3 1 0 . 1 9  
1 6 :00 1 05 .97 1 50 1 30 8 .95 0 .5 1 1 6 :00 344.945 ! 50 1 30 3 .37  0 . 1 9  
1 7 :00 1 05 .97 1 50 1 30 7 .77 0 .44 1 7 :00 344.945 ! 50 1 30 2 .92 0 . 1 7 . 
1 8 :00 1 05 .97 1 50 1 30 7 .86 0 .44 1 8 : 00 344 .945 1 50 1 30 2.96 0 . 1 7  
1 9 :00 1 05 .97 1 50 1 30 7.43 0 .42 1 9 :00 344.945 1 50 1 30 2 .80 0 . 1 6  
20 :00 1 05 .97 1 50 1 30 8 .03 0.45 20 :00 344.945 1 50 1 30 3 .02 0. 1 7  
2 1 : 00 I 05 .97 1 50 1 30 8 . 1 1  0 .46 2 1 :00 344.945 1 50 1 30 3 .05 0 . 1 7  
22 :00 I 05 .97 1 50 1 30 8 . 1 9  0.46 22 :00 344.945 1 50 1 30 3 .08 0 . 1 7  
23 :00 1 05 .97 1 50 1 30 8 .28 0 .47 23 :00 344.945 1 50 1 30 3 . 1 2  0 . 1 8  








Flow Ve loc i ty 
( m )  ( 111 111 ) Lis m/s 
0 :00 1 05 .97 1 50 1 30 8 .28  0 .47  
I :00 I 05 .97 1 50 1 30 8. 1 9  0 .46 
2 :00 1 05 .97 1 50 1 30 8 .03 0.45 
3 : 00 1 05 .97 1 50 1 30 8 . 1 1 0 .46 
4 :00 1 05 .97 1 50 1 30 8 . 1 9  0.46 
5 :00 1 05 .97 1 50 1 30 9 . 1 2  0 .52  
6 :00 1 05 .97 1 50 1 30 8 .95 0 .5 1 
7 : 00 1 05 .97 1 50 1 30 8 .79 0 .5 
8 :00 1 05 .97 1 50 1 30 8 .95 0 .5 1 
9 :00 1 05 .97 1 50 1 30 8 .87  0 . 5  
1 0 :00 1 05 .97 1 50 1 30 8 . 79 0 .5  
1 1 : 00 1 05 .97 1 50 1 30 8 . 87  0 .5  
1 2 :00 1 05 .97 1 50 1 30 8 . 79 0 .5  
1 3 :00 1 05 .97 1 50 1 30 8 . 79 0 .5  
1 4 : 00 1 05 .97 1 50 1 30 8 .70 0 .49 
1 5 : 00 1 05 .97 1 50 1 30 8 . 79 0 . 5  
I 6 :00 1 05 .97 1 50 1 30 8.95 0 .5 1 
1 7 : 00 1 05 .97 1 50 1 30 7 . 77 0 .44 
1 8 : 00 1 05 .97 ! 50 1 30 7 .86 0.44 
1 9 : 00 1 05 .97 1 50 1 30 7.43 0.42 
20 :00 1 05 .97 1 50 1 30 8 .03 0.45 
2 1 :00 1 05 .97 1 50 1 30 8. 1 1  0 .46 
22 :00 1 05 .97 1 50 1 30 8 . 1 9  0.46 
23 :00 1 05 .97 1 50 1 30 8 .28 0 .47 
24 :00 1 05 .97 1 50 1 30 8 .2� - 0.47 




( m) (mm)  
0 : 00 344.945 1 50 1 30 
I : 00 344.945 1 50 1 30 
2 : 00 344.945 1 50 1 30 
3 : 00 344.945 1 50 1 30 
4 :00 344.945 1 50 1 30 
5 : 00 344.945 1 50 1 30 
6 : 00 344.945 1 50 1 30 
7 :00 344.945 1 50 1 30 
8 :00 344.945 1 50 1 30 
9 :00 344.945 1 50 1 30 
1 0 :00 344.945 1 50 1 30 
1 1 : 00 344.945 1 50 1 30 
1 2 :00 344.945 1 50 1 30 
1 3 : 00 344.945 1 50 1 30 
1 4 :00 344.945 1 50 1 30 
1 5 : 00 344.945 1 50 1 30 
1 6 :00 344.945 1 50 1 30 
1 7 : 00 344.945 1 50 1 30 
1 8 :00 344 .945 1 50 1 30 
1 9 : 00 344.945 1 50 1 30 
20 :00 344.945 1 50 1 30 
2 1 : 00 344.945 1 50 1 30 
22:00 344.945 1 50 1 30 
23 :00 344.945 1 50 1 30 
24:00 344.945 1 50 1 30 
F lO\\ 
Lis 
3 1 2  
3 .08 
3 .02 
3 .05  
3 .08 
3 .43 
3 .37  
3 .3 1 
3 .37  
3 .34 
3 .3 1 
3 .34  
3 .3 1 
3 .3 1 
3 .'27 
3 .3 1 







3 . 1 2  
3 . 1 2  
Ve loc i t) 
m s  
0 . 1 8  
0. 1 7  
-
0. 1 7  
-
0. 1 7  
0. 1 7  
0. 1 9  
0. 1 9  
0. 1 9  
0 1 9  
0. 1 9  
0 . 1 9  
0. 1 9  
0. 1 9  
0. 1 9  
0 . 1 9  
0 . 1 9  
0. 1 9  
0 . 1 7  
0. 1 7  
0. 1 6  
0 . 1 7  
0 . 1 7  
0. 1 7  
0 . 1 8  
0. 1 8  
VI 
0'1 
25).  P ipe P-25 Time Series deta i ls  
Time 
Length D iameter 
Roughness 
F low Ve loc i ty 
( m )  ( m m )  Lis m/s 
0 : 00 1 05 . 2  1 50 1 30 3 . 1 2  0 . 1 8  
I : 00 1 05 . 2  1 50 1 30 3 . 08  0 . 1 7  
2 : 00 1 05 . 2  1 50 1 30 3 .02 0 . 1 7  
3 : 00 1 05 . 2  1 50 1 30 3 . 05 0 . 1 7  
4 :00 1 05 . 2  1 50 1 30 3 .08  0 . 1 7  
5 : 00 1 05 . 2  1 50 1 30 3 .43 0 . 1 9  
6 : 00 1 05 . 2  1 50 1 30 3 . 3 7  0 . 1 9  
7 : 00 1 05 . 2  1 50 1 30 3 . 3 1 0 . 1 9  
8 :00 1 05 . 2  1 50 1 30 3 . 3 7  0 . 1 9  
9 : 00 1 05 .2  1 50 1 30 3 .34 0 . 1 9  
1 0 : 00 1 05 .2 1 50 1 30 3 .3 1 0 . 1 9  
I I :00 1 05 . 2  1 50 1 30 3 .34 0 . 1 9  
1 2 :00 1 05 . 2  1 50 1 30 3 .3 1 0 . 1 9  
1 3 : 00 1 05 . 2  1 50 1 30 3 . 3  I 0 . 1 9  
1 4: 00 1 05 . 2  1 50 1 30 3 . 27  0 . 1 9  
1 5 : 00 1 05 . 2  1 50 1 30 3 . 3  I 0. 1 9  
1 6 :00 1 05 . 2  1 50 1 30 3 . 37  0 . 1 9  
1 7 :00 1 05 . 2  1 50 1 30 2.92 0 . 1 7  
1 8 :00 1 05 . 2  1 50 1 30 2 .96 0. 1 7  
1 9 : 00 1 05 . 2  1 50 1 30 2 . 80 0 . 1 6  
20 :00 1 05 . 2  1 50 1 30 3 .02 0 . 1 7  
2 1 :00 1 05 .2 1 50 1 30 3 .05 0. 1 7  
22 :00 1 05 . 2  1 50 1 30 3 .08  0 . 1 7  
I 
23 :00 1 05 . 2  1 50 1 30 3 . 1 2  0 . 1 8  
24 : 00 1 05 . 2  1 50 1 30 3 . 1 2  0 . 1 8  
26). Pipe P-26 Time Series deta i ls  
Time 
Length D iameter 
Roughness ( m )  (mm)  
0 : 00 35-l .9 1 1 50 1 30 
I :00 354.9 1 1 50 1 30 
2 : 00 354.9 1 1 50 1 30 
3 : 00 354 .9 1 1 50 1 30 
4 :00 354 .9 1 1 50 1 30 
5 : 00 354 .9 1 1 50 1 30 
6 : 00 354 .9 1 1 50 1 30 
7 :00 354 .9 1 1 50 1 30 
8 : 00 354 .9 1 1 50 1 30 
9 :00 354.9 1 1 50 1 30 
1 0 : 00 354 .9 1 1 50 1 30 
I I  : 00 354 .9 1 1 50 1 30 
1 2 : 00 354 .9 1 1 50 1 30 
1 3 :00 354.9 1 1 50 1 30 
1 4 : 00 354 .9 1 1 50 1 30 
1 5 :00 354 .9 1 1 50 1 30 
1 6 : 00 354 .9 1 1 50 1 30 
1 7 :00 354 .9 1 1 50 1 30 
1 8 : 00 354 .9 1 1 50 1 30 
1 9 : 00 354 .9 1 1 50 1 30 
20 :00 354.9 1 I 50  1 30 
2 1 :00 354 .9 1 1 50 1 30 
22 :00 354.9 1 1 50 1 30 
23 : 00 354 .9 1 1 50 1 30 
24 :00 354 .9 1 1 50 1 30 
F low 
Lis 






3 . 37  
3 .3 1 
3 . 37  
3 .34 
3 .3  I 
3 .34 
3.3 J 
3 .3 1 
3 . 27 
3 .3 1 
3 . 37  
2 .92 
2 .96 




3 . 1 2  
3 . 1 2  
Veloc il) 
111'� 
0 1 8  
0 . 1 7  
0 . 1 7  
0 . 1 7  
0 . 1 7  
0 . 1 9  
0 . 1 9  
0 . 1 9  
0 . 1 9  
0 . 1 9  
0 . 1 9  
0 . 1 9  
0 . 1 9  
0. 1 9  
0 . 1 9  
0 . 1 9  
0. 1 9  
0 . 1 7  
0 . 1 7  
0. 1 6  
0 . 1 7  
0 . 1 7  
0. I 7 
0 . 1 8  
0 . 1 8  
VI -.l 
27) .  Pipe P-27 Time Se ries de ta i ls 28) .  Pipe P-28 Time Se ries deta i ls 
Time 
Length D iameter 
Roughness 
F low Veloc i ty 
( m )  ( m m )  Lis m/s 
Length D iameter F lO'.\ Ve locit) 
Time ( m )  (mm)  Roughness Lis m, s 
0 :00 1 05 .97 1 50 1 30 1 .43 0 .08 0 :00 2 1  1 50 1 30 1 . 1 9 0 .07 
1 : 00 1 05 .97 1 50 1 30 1 .42 0 .08 I :00 2 1  1 50 1 30 1 . 1 8  0 .07 
2 : 00 1 05 .97 1 50 1 30 1 . 39 0 .08 2 : 00 2 1  1 50 1 30 1 . 1 6 0.07 
3 : 00 1 05 .97 1 50 1 30 1 .40 0 .08 3 : 00 2 1  1 50 1 30 1 . 1 7  0 .07 
4 :00 1 05 .97 1 50 1 30 1 .42 0 .08 4 : 00 2 1  1 50 1 30 1 . 1 8 0 .07 
5 : 00 1 05 .97 1 50 1 30 1 . 5 8  0 .09 5 : 00 2 1  1 50 1 30 1 .3 1  0 .07 
6 : 00 1 05 .97 1 50 1 30 1 . 5 5  0 .09 6 :00 2 1  1 50 1 30 1 . 29 0 .07 
7 :00 1 05 .97 1 50 1 30 1 . 52  0 .09 7 :00 2 1  1 50 1 30 1 .27 0 .07 
8 :00 1 05 .97 1 50 1 30 1 . 5 5  0 .09 8 :00 2 1  1 50 1 30 1 .29 0 .07 
9 :00 1 05 .97 1 50 1 30 1 . 5 3  0.09 9 :00 2 1  1 50 1 30 1 . 28 0.07 
1 0 : 00 1 05 .97 1 50 1 30 1 . 52  0 .09 1 0 :00 2 1  1 50 1 30 1 .27  0 .07 
I I  :00 1 05 .97 1 50 1 30 1 . 53 0.09 I I  : 00 2 1  1 50 1 30 1 .28 0 .07 
1 2 :00 1 05 .97 1 50 1 30 1 . 52 0 .09 1 2 : 00 2 1  1 50 1 30 1 . 27 0 .07 
1 3 : 00 1 05 .97 1 50 1 30 1 . 52 0 .09 1 3 : 00 2 1  1 50 1 30 1 . 27 0.07 
1 4 :00 1 05 .97 1 50 1 30 1 . 50  0.09 1 4 : 00 2 1  1 50 1 30 1 .25 0 .07 
1 5 : 00 1 05 .97 1 50 1 30 1 . 52 0 .09 1 5 : 00 2 1  1 50 1 30 1 .27  0 .07  
1 6 :00 1 05 .97 1 50 1 30 1 . 5 5  0 .09 1 6 : 00 2 1  1 50 1 30 1 .29 0 .07 
1 7 : 00 1 05 .97 1 50 1 30 1 .34 0.08 1 7 :00 2 1  1 50 1 30 1 . 1 2 0 .06 
1 8 :00 1 05 .97 1 50 1 30 1 .36  0.08 1 8 : 00 2 1  1 50 1 30 1 . 1 3 0 .06 
1 9 :00 1 05 .97 1 50 1 30 1 .28 0 .07 1 9 :00 2 1  1 50 1 30 1 .07 0 .06 
20 :00 1 05 .97 1 50 1 30 1 .39 0 .08 20 :00 2 1  1 50 1 30 1 . 1 6  0 .07 
2 1 :00 1 05 .97 1 50 1 30 1 .40 0.08 2 1 : 00 2 1  1 50 1 30 1 . 1 7  0 .07 
22 :00 1 05 .97 1 50 1 30 1 .42 0 .08 22 :00 2 1  1 50 1 30 1 . 1 8 0 .07 
23 :00 1 05 .97 1 50 1 30 1 .43 0 .08 : 23 :00 2 1  1 50 1 30 1 . 1 9 0 .07 
24:00 1 05 .97 1 50 1 30 1 .43 o.o8 I 24 :00 2 1  1 50 1 30 1 . 1 9 0 .07 
-
\..1) 00 




F low Veloc i ty 
( m )  (mm)  Lis m/s 
0 : 00 1 05 .97 1 50 1 30 0 . 73 0 .04 
I : 00 1 05 .97 ! 50 1 30 0 . 72 0 .04 
2 : 00 1 05 .97 1 50 1 30 0 . 7 1 0 .04 
3 : 00 1 05 .97 1 50 1 30 0 . 72 0 .04 
4 :00 1 05 .97 1 50 1 30 0 .72 0 .04 
5 : 00 1 05 .97 1 50 1 30 0 . 8 1 0 .05 
6 : 00 1 05 .97 1 50 1 30 0 . 79 0 .04 
7 :00 1 05 .97 1 50 1 30 0 . 78 0 .04 
8 :00 1 05 .97 1 50 1 30 0 . 79 0 .04 
9 :00 1 05 .97 1 50 1 30 0 . 78 0.04 
1 0 :00 1 05 .97 ! 50 1 30 0 .78  0 .04 
1 1 : 00 1 05 .97 1 50 1 30 0 . 78 0 .04 
1 2 :00 1 05 .97 1 50 1 30 0 . 78 0 .04 
1 3 : 00 1 05 .97 1 50 1 30 0 . 78 0 .04 
1 4 : 00 1 05 .97 1 50 1 30 0 .77 o .o4 I 
1 5 :00 1 05 .97 1 50 1 30 0 .78  0 .04 ] 
1 6:00 1 05 .97 1 50 1 30 0 . 79 0 .04 
1 7 :00 1 05 .97 1 50 1 30 0 .69 0 .04 
1 8 :00 1 05 .97 1 50 1 30 0 .69 0 .04 
1 9 : 00 1 05 .97 1 50 1 30 0 .66 0 .04 
20 :00 1 05 .97 1 50 1 30 0 . 7 1  0 .04 
2 1 : 00 1 05 .97 1 50 1 30 0 . 72 0 .04 
22 :00 1 05 .97 1 50 1 30 0 .72 0 .04 
23 :00 1 05 .97 1 50 1 30 0 .73 0 .04 
24 :00 1 05 .97 1 50 1 30 0 .73 0 .04 
30).  Pipe P-30 Time Series deta i ls  
Time 
Length D iameter 
Roughness 
(m)  (mm)  
0 :00 763 .848 1 50 1 30 
I :00 763 .848 1 50 1 30 
2 : 00 763 . 848 1 50 1 30 
3 : 00 763 . 848 1 50 1 30 
4 :00 763 . 848 1 50 1 30 
5 : 00 763 . 848 1 50 1 30 
6 :00 763 . 848 1 50 1 30 
7 :00 763 . 848 1 50 1 30 
8 : 00 763 . 848 1 50 1 30 
9 :00 763 .848 j 50 1 30 
1 0 : 00 763 .848 1 50 1 30 
1 1 : 00 763 . 848 1 50 1 30 
1 2 :00 763 .848 1 50 1 30 
1 3 : 00 763 . 848 I SO 1 30 
1 4 :00 763 .848 1 50 1 30 
1 5 : 00 763 .848 ! 50 1 30 
1 6 : 00 763 . 848 1 50 1 30 
1 7 :00 763 . 848 1 50 1 30 
1 8 : 00 763 . 848 1 50 1 30 
1 9 : 00 763 .848 1 50 1 30 
20 :00 763 . 848 1 50 1 30 
2 1 : 00 763 .848 1 50 1 30 
22 :00 763 . 848 1 50 1 30 
23 : 00 763 . 848 1 50 1 30 









1 . 5 7  
j . 54  
j . 57  
1 . 55  
1 . 54 
1 . 5 5  
1 . 54 
1 . 54  
1 . 52 
1 . 54 
1 . 5 7  
1 .36  
1 .3 7  




































3 1 ). P ipe P-3 1 Time Series deta i ls  
Time 
Length 
( m )  
0 : 00 763 .848 
I : 00 763 .848 
2 : 00 763 .848 
3 :00 763 .848 
4 :00 763 .848 
5 : 00 763 . 848  
6 :00 763 . 848  
7 :00  763 .848 
8 : 00 763 .848 
9 : 00 763 .848 
1 0 :00 763 .848 
I I :00 763 .848 
1 2 :00 763 .848 
1 3 :00 763 .848 
1 4 :00 763 .848 
1 5 : 00 763 . 848 
1 6 : 00 763 . 848 
1 7 : 00 763 .848 
1 8 : 00 763 .848 
1 9 : 00 763 .848 
20 :00 763 .848 
2 1 : 00 763 .848 
22 :00 763 .848 
23 : 00 763 .848 
24:00 763 .848 
D iameter  






















I 50  






























F low Veloc i ty 
Lis m/s 
1 .22 0 .07 
1 .2 I 0 .07 
1 . 1 9  0 .07 
1 .20 0.07 
I . 2 1 0 .07 
1 . 3 5  0 .08 
1 .32 0 .07 
1 .30  0.07 
1 .32  0 .07 
1 .3 1  0 .07 
1 .30  0 .07 
1 .3 1  0 .07 
1 .30 0.07 
1 .30  0.07 
1 . 29 0 .07 
1 .30  0 .07  
1 .32 0 .07 
1 . 1 5 0 .07 
1 . 1 6 0 .07 ' 
1 . 1 0 0.06 
1 . 1 9 0 .07 
1 . 20 0 .07 
1 .2 1  0.07 
1 .22 0 .07 
1 .22 0.07 
32). Pipe P-32 Time Se ries detai ls  
Time 
Length D iameter 
Roughness 
( m )  ( m m )  
0 :00 763 . 8 1 1 50 1 30 
I : 00 763 . 8 1 1 50 1 30 
2 : 00 763 . 8 1 1 50 1 30 
3 : 00 763 . 8 1 1 50 1 30 
4 :00 763 . 8 1 1 50 1 30 
5 : 00 763 . 8 1 1 50 1 30 
6 : 00 763 . 8 1 1 50 1 30 
7 :00 763 . 8 1 1 50 1 30 
8 : 00 763 . 8 1 1 50 1 30 
9 :00 763 . 8 1 1 50 1 30 
1 0 :00 763 . 8 1 I 50  1 30 
1 1 : 00 763 . 8 1 I SO 1 30 
1 2 :00 763 . 8 1 1 50 1 30 
1 3 :00 763 . 8 1 1 50 1 30 
1 4 : 00 763 . 8 1 1 50 1 30 
I 5 : 00 763 . 8 1 1 50 1 30 
1 6 : 00 763 . 8 1 I 50  1 30 
1 7 : 00 763 . 8 1 I SO 1 30 
1 8 :00 763 . 8 1 1 50 1 30 
1 9 : 00 763 . 8 1 I SO  1 30 
20 :00 763 . 8 1 I SO 1 30 
2 1 : 00 763 . 8 1 1 50 1 30 
22 :00 763 . 8 1 1 50 1 30 
23 :00 763 . 8 1 I SO 1 30 










1 .0 1  
1 .03 
1 .02 
1 .0 1  
1 .02 
l .O I 
1 .0 1  
1 .00 







































Sce n a rio -2 
Ta bu la ted P rese n tat ion o f  N oda l  (Junc t ion)  Time Series 
Res u l ts 
0\ 
1 ) . J u nct ion - 1 Time Se ries deta i ls  
Time ( I  l ou rs )  Demand ( Lis )*  J lead (m)  Pressure (m)  
0 : 00 0 256 . 1 8  1 4 . 66 
I :00 0 256 . 1 8  1 4 . 66 
2 :00 0 256 . 1 8  1 4 .66 
3 :00 0 256 . 1 8  1 4 . 66 
4 :00 0 256 . 1 8  1 4 . 66 
5 :00 0 256 . 1 7  1 4 .65 
6 : 00 0 256 . 1 7  1 4 .65 
7 : 00 0 256 . 1 7  1 4 . 65 
8 : 00 0 256 . 1 7  1 4 .65 
9 :00 0 256 . 1 7  1 4 .65 
1 0 :00 0 256 . 1 7  1 4 .65 
1 1 :00 0 256 . 1 7  1 4 . 65 
1 2 :00 0 256 . 1 7  1 4 .65 
1 3 :00 0 256 . 1 7  1 4 .65 
1 4 :00 0 256 . 1 8  1 4 . 65 
1 5 :00 0 256 . 1 7  1 4 . 65 
1 6 :00 0 256 . 1 7  1 4 .65 
1 7 :00 0 256 . 1 9  1 4 .66 
1 8 :00 0 256 . 1 9  1 4 .66 
1 9 :00 0 256 . 1 9  1 4 .66 
20:00 0 256 . 1 8  1 4 .66 I 
2 1 :00 0 256 . 1 8  1 4 .66 
22 :00 0 256 . 1 8  1 4 . 66 
23 :00 0 256 . 1 8  1 4 .66 
24:00 0 256 . 1 8  1 4 . 66 --
* T -Junct ion 
2) . .  J u nc t ion - 2 Time Se ries detai ls  
Time ( I  l ours ) Demand ( Lis)* ! lead ( m )  
0 :00 0 256 .0 1 
I :00 0 256 .0 I 
2 :00 0 256.02 
3 :00 0 256.02 
4 :00 0 256 .0 1 
5 : 00 0 255 .96 
6 : 00 0 255 .97 
7 :00 0 255 .98 
8 : 00 0 255 .97 
9 :00 0 255 .98 
1 0 :00 0 255 .98 
I I  :00 0 255 .98 
1 2 :00 0 255 .98 
1 3 :00 0 255 .98 
1 4 :00 0 255 .99 
1 5 :00 0 255 .98 
1 6 :00 0 255 .97 
1 7 :00 0 256.03 
1 8 :00 0 256.03 
1 9 :00 0 256.05 
20 :00 0 256 .02 
2 1 :00 0 256.02 
22 :00 0 256 .0 I 
23 :00 0 256 .0 1 
24:00 0 256.0 1 
* Reducer 200mmx 1 50mm 
Pressure ( m )  
1 3 . 49 
1 3 .49 -
1 3 . 5  
1 3 .49 
1 3 .49 
1 3 .44 
1 3 .45 
1 3 .46 
1 3 .45 
1 3 .45 
1 3 .46 
1 3 .45 
1 3 .46 
1 3 .46 
1 3 .46 
1 3 .46 
1 3 .45 
1 3 . 5 1 
1 3 .5 I 
1 3 . 53  
1 3 . 5  
1 3 .49 
1 3 .49 
1 3 .49 
1 3 .49 
01 
I J  
3) .  J u nct ion - 3 Time Se ries deta i ls  
Time ( I  lours)  Demand ( Lis) I Jead ( m )  Pressure ( m )  
0 : 00 1 .6 256 .00 1 3 .46 
I :00 1 . 5 8  256 .00 1 3 .47 
2 :00 1 . 5 5  256 .0 1 1 3 .48 
3 : 00 1 . 5 6  256 .0 1 1 3 .47 
4 : 00 1 . 5 8  256 .00 1 3 .47 
5 : 00 1 . 76 255 .95 1 3 .42 
6 : 00 1 . 73 255 .96 1 3 .43 
7 : 00 1 . 70 255 .97 1 3 .44 
8 :00 1 . 73 2 5 5 .96 1 3 .43 
9 : 00 1 . 7 1  255 .96 1 3 .43 
1 0 :00 1 . 70 255 .97 1 3 .44 
I I  :00 1 . 7 1  255 .96 1 3 .43 
1 2 :00 1 . 70 255 .97 1 3 .44 
1 3 : 00 1 . 70 255 .97 1 3 .44 
1 4 :00 1 .68 255 .97 1 3 .44 
1 5 : 00 1 . 70 255 .97 1 3 .44 
1 6 :00 1 . 73 255 .96 1 3 .43 
1 7 : 00 1 . 5 0  256 .02 1 3 .49 
1 8 : 00 1 .5 2  256 .02 1 3 .49 
1 9 :00 1 .43 256 .04 1 3 . 5  I 
20 :00 ! .5 5  256 .0 1 1 3 .48 
2 1 :00 1 .5 6  256 .0 1 1 3 .47 
22:00 1 .5 8  256 .00 1 3 .47 
23 :00 1 .60 256 .00 1 3 .46 
24:00 :00 1 .60 256 .00 1 3 .46 
4). J u nct ion - 4 Time Se ries deta ils 
Time ( J  l ours) Demand ( Lis )* f lead ( m )  
0 : 00 0 255 . 89 
I :00 0 255 . 89 
2 :00 0 255 .9 1 
3 :00 0 255 .90 
4 : 00 0 255 . 89 
5 :00 0 255 .82 
6 : 00 0 255 . 83 
7 :00 0 255 .85  
8 :00 0 255 . 83 
9 :00 0 255 . 84 
1 0 :00 0 255 .85 
I I  :00 0 255 . 84 
1 2 :00 0 255 . 85  
1 3 :00 0 255 .85  
1 4 :00 0 255 .85  
1 5 :00 0 255 .85  
1 6 :00 0 255 . 83 
1 7 :00 0 255 .93 
1 8 :00 0 255 .92 
1 9 :00 0 255 .95 
20 :00 0 255 .9 1 
2 1 :00 0 255 .90 
22:00 0 255 . 89 
23 :00 0 255 . 89 
24:00:00 0 255 . 89 
--
*E lbow 
Pressure ( m )  
1 2 .-+3 
--
1 2 .44 
1 2 .45 
1 2 .44 
1 2 .44 
1 2 .36 
1 2 .38  
1 2.39 
1 2 .38  
1 2 .38  
1 2 .39 
1 2 . 38  
1 2 .39 
1 2 .39 
1 2 .4 1 
1 2.39 
1 2 .38  
1 2 .47 
1 2 .46 
1 2 .49 
1 2 .45 
1 2 .44 
1 2 .44 
1 2 .43 
1 2 .43 
0\ 
VJ 
5) .  J u nc t ion - 5 Time Se ries deta i ls 
Time ( H ours )  Demand ( Lis)* I l ead ( m )  Pressure ( m )  
0 : 00 0 255 .86 1 2 . 1 0 
1 : 00 0 2 5 5 .86 1 2 . 1  I 
2 :00  0 255 . 88  1 2 . 1 3 
3 : 00 0 255 . 87  1 2 . 1 2 
4 :00 0 2 5 5 . 86 1 2 . 1  I 
5 :00 0 255 . 78  1 2 .03 
6 :00 0 255 .80 1 2 .05 
7 :00 0 255 .8 1 1 2 .06 
8 :00 0 255 .80 1 2 .05 
9 :00 0 255 .80 1 2 .05 
1 0 :00 0 255 .8  I 1 2 .06 
1 1 :00 0 255 . 80 1 2 .05 
1 2 :00 0 255 . 8 1 1 2 . 06 
1 3 :00 0 255 . 8 1 1 2 .06 
1 4 :00 0 255 .82  1 2 .07 
1 5 :00 0 255 . 8  I 1 2 .06 
1 6 :00 0 255 .80 1 2 .05 
1 7 :00 0 255 .90 1 2 . 1 5 
1 8 :00 0 255 . 89 1 2 . 1 4  
1 9 :00 0 255 .92 1 2 . 1 7  
20:00 0 255 . 88  1 2 . 1 3  
2 1 :00 0 255 . 87  1 2 . 1 2  
22:00 0 255 .86 1 2 . 1 1 
23 :00 0 255 .86  1 2 . 1 0 
24 :00 :00 0 255 .86 1 2 . 1 0  
* E l bow 
6). J u nct ion - 6 Time Series detai ls  
Time ( ! lours) Demand ( Lis) ! lead ( m )  
0 :00 1 .60 255 .96 
I :00 1 .5 8  255 .96 
2 :00 1 . 5 5  255 .97 
3 : 00 I . 56  255 .97 
4:00 I . 5 8  255 .96 
5 :00 1 . 76 255 .90 
6 : 00 1 . 73 255 .9 1 
7 :00 1 . 70 255 .92 
8 :00 J . 73 255 .9 1 
9 :00 1 . 7 1  255 .92 
1 0 :00 1 . 70 255 .92 
I I  :00 1 .7 1  255 .92 
1 2 :00 1 . 70 255 .92 
1 3 : 00 1 . 70 255 .92 
1 4 :00 1 .68  255 .93 
1 5 : 00 1 . 70 255 .92 
1 6 :00 1 . 73 255 .9 1 
1 7 :00 1 . 50  255 .99 
1 8 :00 I . 52  255 .98 
1 9 :00 1 .43 256.0 1 
20:00 1 . 5 5  255 .97 
2 1 :00 1 . 56  255 .97  
22:00 1 .5 8  255 .96 
23 :00 1 .60 255 .96 
24:00:00 1 .60 :255 .96 
Pressure (m )  
1 5 . 1 1 
1 5 . 1 2  
1 5 . J 3 
I 5 . 1 2  
1 5 . J 2 
1 5 .06 
1 5 .07 
1 5 .08 
1 5 .07 
1 5 .07 
1 5 .08 
1 5 .07 
1 5 .08 
1 5 .08 
1 5 .08 
1 5 .08 
1 5 .07 
1 5 . 1 4 
1 5 . 1 4 
1 5 . 1 6  
1 5 . 1 3 
1 5 . 1 :2  
1 5 . 1 2  
1 5 . 1 1 
1 5 . 1 1 
0'1 
� 
7). J u nct ion - 7 Time Se ries deta i ls  
Time ( I  l ou rs)  Demand ( Lis) *  I l ead ( m )  Pressure (m)  
0 : 00 0 255 .96 1 5 . 1 2  
I :00  0 255 .96 1 5 . 1 2  
2 :00 0 255 .97 1 5 . 1 3  
3 :00 0 255 .97 1 5 . 1 3  
4 :00  0 255 .96 1 5 . 1 2  
5 :00 0 255 .9  1 5 .06 
6 : 00 0 2 5 5 .9 1 1 5 .07  
7 : 00 0 255 .92 1 5 .08 
8 :00 0 2 5 5 .9 1 1 5 .07  
9 : 00 0 255 .92 1 5 .08 
1 0 :00 0 255 .92 1 5 .08 
1 1 : 00 0 255 .92 1 5 .08 
1 2 :00 0 255 .92 I 5 .08 
1 3 : 00 0 255 .92 1 5 .08 I 
1 4 :00 0 255 .93 1 5 .09 
1 5 : 00 0 255 .92 1 5 .08 
1 6 :00 0 255 .9 1 1 5 .07 
1 7 :00 0 255 .99 1 5 . 1 5  
1 8 :00 0 255 .98 1 5 . 1 4  
1 9 :00 0 256 .0 1 1 5 . 1 7  
20:00 0 255 .97 1 5 . 1 3  
2 1 :00 0 255 .97 1 5 . 1 3  
22 :00 0 255 .96 1 5 . 1 2  
23 :00 0 255 .96 1 5 . 1 2 
24:00:00 0 255 .96 1 5 . 1 2  
* Reducer 200mmx 1 50mm 
8) .  J u nc t ion - 8 Time Se ries detai ls  
Time ( f l ours) Demand ( Lis)* ! lead ( m )  
0 : 00 0 255 .86 
I : 00 0 255 . 87  
2 : 00 0 255 . 88  
3 :00 0 255 . 87  
4 :00 0 255 .87  
5 : 00 0 255 .79 
6 : 00 0 255 .8  
7 :00 0 255 .82  
8 :00 0 255 . 8  
9 :00 0 255 . 8 1 
1 0 :00 0 255 . 82 
I I :00 0 255 . 8 1 
1 2 :00 0 255 . 82 
1 3 : 00 0 255 .82 
1 4 :00 0 255 .82 
1 5 :00 0 255 . 82 
1 6 :00 0 255 . 8  
1 7 :00 0 255 .9 
1 8 :00 0 255 . 89 
1 9 :00 0 255 .93 
20:00 0 255 .88  
2 1 : 00 0 255 . 87  
22:00 0 255 . 87  
23 :00 0 255 . 86 
24:00:00 0 255 .86 
*E lbow 
Pressure ( m )  
1 6.6  
--
1 6 .6 1 
1 6 . 62 
1 6 .6 1 
1 6 .6 1 
1 6 . 53  
1 6 .54  
1 6 .56  
1 6 .54  
1 6 . 55  
1 6 . 56  
1 6 . 55  
1 6.56 
1 6 .56  
1 6 . 56  
1 6 .56  ' 
1 6 .54  
1 6 .64 
1 6 .63 
1 6 .67 
1 6 .62 
1 6 .6 1 
1 6 . 6 1 
1 6 .6  
1 6.6  
0\ 
Vl 
9) .  J u nc t ion - 9 Time Se ries deta i ls  
Time ( H ours )  Demand ( Lis)* l lead ( rn )  Pressure ( rn )  
0 :00 0 255 .83  1 7 . 1 1 
1 : 00 0 255 .84 1 7 . 1 2  
2 :00 0 255 . 85  1 7 . 1 4  
3 : 00 0 255 . 85  1 7 . 1 3  
4 : 00 0 2 5 5 . 84 1 7. 1 2 
5 : 00 0 255 .75  1 7 .04 
6 : 00 0 2 5 5 .77  1 7 .05 
7 : 00 0 255 . 78  1 7 .07 
8 :00 0 255 . 77  1 7 .05 
9 :00 0 255 . 78  1 7 .06 
1 0 :00 0 255 .78  1 7.07 
1 1 :00 0 255 .78  1 7 .06 
1 2 :00 0 255 .78  1 7 .07 
1 3 :00 0 255 .78  1 7.07  
1 4 : 00 0 255 . 79 1 7. 08 
1 5 :00 0 255 .78  1 7 .07 
1 6 :00 0 255 . 77  1 7 .05 
1 7 :00 0 255 . 88  1 7 . 1 6 
1 8 :00 0 255 . 87  1 7 . 1 5  1 
1 9 :00 0 255 .90 1 7 . 1 9  
20 :00 0 255 .85  1 7. 1 4 
2 1 :00 0 255 .85 1 7 . 1 3  
22 :00 0 255 . 84 1 7 . 1 2  
23 : 00 0 255 .83 1 7 . 1  I 
24 :00 :00 0 255 . 83 1 7. 1 1 
* E l bow 
1 0) .  J u nct ion - 1 0  Time Series d eta i ls 
Time (Hours) Demand ( Lis) flead ( rn )  
0 :00 1 .60 255 . 73 
I :00 1 . 5 8  255 . 74 
2 : 00 1 . 5 5  255 . 76 
3 : 00 1 . 56  255 .75  
4 :00 1 . 5 8  255 . 74 
5 :00 1 . 76 255 .63 
6 :00 1 . 73 255 .65 
7 :00 1 . 70 255 .67  
8 :00 1 . 73 255 .65  
9 :00  1 . 7 1  255 .66 
1 0 : 00 1 . 70 255 .67 
I I  : 00 1 . 7 1  255 .66 
1 2 :00 1 . 70 255 .67 
1 3 :00 1 . 70 255 .67 
1 4 :00 1 .68 255 .68 
1 5 :00 1 . 70 255 .67  
1 6 : 00 1 . 73 255 .65 
1 7 :00 1 .50  255 .79 
1 8 :00 1 . 52 255 . 78 
1 9 :00 1 . 43 255 . 82 
20 :00 1 . 5 5  255 . 76 
2 1 :00 1 . 56 255 . 75 
22 :00 1 . 5 8  255 .74 
23 :00 1 .60 255 . 73 
24 :00 :00 1 .60 255 . 73 
Pressure ( rn )  
1 8 . 24 
1 8 .25 
1 8 .26 
1 8 .26 
1 8 .25 
1 8 . 1 4  
1 8 . 1 6  
1 8 . 1 8 
1 8 . 1 6  
1 8 . 1 7  
1 8 . 1 8  
1 8 . 1 7  
1 8 . 1 8  
1 8 . 1 8  
1 8 . 1 9  
1 8 . 1 8  
1 8 . 1 6  
1 8 .29 ' 
1 8 .28 
1 8 .33 
1 8 .26 
1 8 .26 
1 8 .25 
1 8 .24 
1 8 .24 
0\ 
0\ 
1 1 ). J u nc t ion - l l  Time Series deta i ls  
Time ( I  l ou rs )  Demand ( Lis) ] read ( m )  Pressure ( m )  
0 : 00 1 .60 255 .73  1 7 .92 
I :00 1 . 5 8  255 . 74 1 7 .93 
2 :00 1 . 5 5  255 .75  1 7.94 
3 :00 1 . 5 6  255 . 74 1 7.93 
4 : 00 1 . 5 8  255 . 74 1 7.93 
5 : 00 1 . 76 255 .63 1 7 .82  
6 : 00 1 . 73 255 .65 1 7. 84 
7 : 00 1 . 70 2 5 5 .67 1 7 .86 
8 :00 1 . 73 255 .65  1 7.84 
9 : 00 1 .7 1  255 .66 1 7 .85  
1 0 :00 1 . 70 255 .67 1 7 .86 
I I  :00 1 . 7 1  255 .66 1 7 .85  
1 2 :00 1 . 70 255 .67 1 7.86 
1 3 : 00 1 . 70 255 .67  1 7. 86 
1 4 :00 1 .68 255 .68 1 7. 87  
1 5 : 00 1 .70 255 .67 1 7.86 
1 6 :00 1 . 73 255 .65 1 7 . 84 
1 7 :00 1 . 50  255 .78  1 7.97 
J 8:00 1 . 52  255 . 77  1 7 .96 
1 9 :00 1 .43 255 .82  1 8 . 0  I 
20 :00 1 .5 5  255 .75  1 7 .94 
2 1 :00 1 . 56  255 . 74 1 7 .93 
22 :00 1 . 5 8  255 . 74 1 7 .93 
23 :00 1 .60 255 . 73 1 7.92 
24 :00 :00 1 .60 255 . 73 1 7 .92 
1 2) .  J u nct ion - 1 2  Time Series de ta i ls 
Time ( J  lours )  Demand ( Lis) T lead ( m )  
0 : 00 1 .60 255 . 72 
1 : 00 1 . 5 8  255 . 73 
2 : 00 1 . 5 5  255 .75  
3 :00 1 . 56  255 . 74 
4 :00 1 . 5 8  255 . 73 
5 : 00 1 . 76 255 .62 
6 : 00 1 . 73 255 .65 
7 :00 1 . 70 255 .67  
8 :00 1 . 73 255 .65 
9 :00 1 . 7 1  255 .66 
1 0 :00 1 . 70 255 .67 
I I  :00 1 . 7 1  255 .66 
1 2 :00 1 . 70 255 .67 
1 3 : 00 1 . 70 255 .67 
1 4 :00 1 . 68 255 .68 
1 5 : 00 1 . 70 255 .67 
1 6 :00 1 . 73 255 .65 
1 7 :00 1 . 50  255 .78  
1 8 :00 1 . 52 255 .77 
1 9 :00 1 .43 255 . 82 
20:00 1 . 5 5  255 .75 
2 1 : 00 1 . 56  255 .74 
22:00 1 . 5 8  255 . 73 
23 :00 I .60 255 .72 
24 :00 :00 1 .60 255 . 72 
Pressure ( m )  
1 7 . 84 
1 7.85  
1 7 .87  
1 7.86 
1 7 .85 
1 7 . 74 
1 7 . 76 
1 7.78 
1 7. 76 
I 7 . 77 
1 7 .78  
1 7. 77 
1 7 .78  
1 7 .78  
1 7. 79 
1 7 .78  
1 7 .76 
1 7.9 
1 7. 89 
1 7.94 
1 7. 87  
1 7.86 
1 7 .85 
1 7 .84 
1 7. 84 
0\ 
-..) 
1 3). J u nct ion - 1 3  Time Series deta i ls  
Time ( 1  l ours)  Demand ( Lis) Head ( m )  Pressure ( m )  
0 : 00 1 .60 255 .72 1 7.39 
I :00  1 . 5 8  255 .73 1 7 .4 
2 :00 1 . 5 5  255 .75  1 7 .42 
3 :00 1 . 5 6  255 .74 1 7 .4 1 
4 :00 1 . 5 8  255 . 73 1 7 .4  
5 :00 1 . 76 255 .62 1 7 .29 
6 :00 1 . 73 255 .64 1 7 .3 1 
7 :00 1 . 70 255 .66 1 7.33 
8 :00 1 . 73 255 .64 1 7 .3 1 
9 :00 1 . 7 1  255 .65 1 7 .32 
1 0 :00 1 . 70 255 .66 1 7.33 
I I  :00 1 .7 1  255 .65 1 7 .32 
1 2 : 00 1 . 70 255 .66 1 7.33 
1 3 :00 1 . 70 255 .66 1 7 .33 
1 4 :00 1 .68  255 .67  1 7 .34 
1 5 :00 1 . 70 255 .66 1 7.33 
1 6 :00 1 . 73 255 .64 1 7 .3 1 
1 7 :00 1 . 5 0  255 .78  1 7 .45 
1 8 :00 1 . 52 255 . 77  1 7 .44 
1 9 :00 1 .43 255 . 8 1 1 7 .48 
20:00 1 . 5 5  255 .75  1 7 .42 
2 1 :00 1 . 5 6  255 . 74 1 7.4 1 
22 :00 1 . 5 8  255 .73 1 7. 4  
23 :00 1 .60 255 . 72 1 7 .39 
24:00:00 1 .60 255 .72 1 7 .39 
1 4) . . Ju nct ion - J 4  Time Series deta i ls 
Time ( ! lours )  Demand ( Lis) Head ( m )  
0 :00 1 .60 255 .78  
1 : 00 1 . 5 8  255 . 79 
2 : 00 1 . 5 5  255 . 8  
3 :00 1 . 56  255 .79 
4 :00 1 . 5 8  255 .79 
5 :00 1 . 76 255 .69 
6 :00 1 . 73 255 .7 1 
7 :00 1 . 70 255 . 72 
8 :00 1 . 73 255 . 7 1 
9 :00 1 . 7 1  255 . 7 1 
1 0 :00 1 . 70 255 . 72 
1 1 : 00 1 . 7 1  255 . 7 1 
1 2 :00 1 . 70 255 . 72 
1 3 :00 1 . 70 255 .72 
1 4 :00 1 .68  255 .73 
1 5 :00 1 . 70 255 . 72 
1 6 :00 1 . 73 255 .7 1 
1 7 :00 1 . 50  255 .83 
1 8 :00 1 . 52 255 .82 
1 9 :00 1 .43 255 .86 
20:00 1 . 5 5  255 . 8  
2 1 :00 1 . 56  255 .79 
22:00 1 . 5 8  255 .79 
23 :00 1 .60 255 .78  
24:00:00 1 .60 255 .78 
Pressure ( m )  
1 4 .6 
1 4 .6 1 
1 4 .63 
1 4 .62 
1 4 .6 1 
1 4 . 5 1 
1 4 . 53  
1 4 . 5 5  
1 4 .53 
1 4 .54 
1 4 .55  
1 4 .54 
1 4 . 5 5  
1 4 .55 
1 4 .56 
1 4 . 55  
1 4 . 53  
1 4 .65 
1 4 .65 
1 4 . 69 
1 4 .63 
1 4 .62 
1 4 .6 1 
1 4.6 
1 4 .6  
0\ 
00 
1 5). J u nct ion - 1 5  Time Series deta i ls  
Time ( I  l ours )  Demand ( Lis) 1 l ead ( m )  Pressure ( m )  
0 : 00 1 .60 255 . 76  1 4 .59 
1 : 00 1 . 5 8  255 . 77  1 4 . 6  
2 : 00 1 . 5 5  255 . 79 1 4 .6 1 
3 : 00 1 . 5 6  255 .78  1 4 .6 1 
4 : 00 1 . 5 8  255 .77  1 4 . 6  
5 :00 1 . 76 255 .67 1 4 . 5  
6 :00 1 . 73 255 .69 1 4 . 5 1 
7 :00 1 . 70 255 . 7 1 1 4 . 53  
8 :00 1 . 73 2 5 5 .69 1 4 . 5 1 
9 :00 1 . 7 1  255 . 70 1 4 . 52  
1 0 :00 1 . 70 255 . 7 1 1 4 .53 
I I  :00 1 . 7 1  255 .70 1 4 . 52  
1 2 :00 1 . 70 255 .7 1 1 4 . 53  
1 3 :00 1 . 70 255 . 7 1 1 4 .53 
1 4 :00 1 .68 255 .72 1 4 . 54  
1 5 :00 1 . 70 255 . 7 1 1 4 . 53  
1 6 :00 1 . 73 255 .69 1 4 . 5 1 
1 7 :00 1 . 50  255 .8 1 1 4 .64 
] 8 :00 1 .52  255 . 8 1 1 4 .63 
1 9 :00 1 .43 255 .85  1 4 .67 
20:00 1 . 5 5  255 . 79 1 4 .6 1 
2 1 : 00 1 . 5 6  255 .78  1 4 . 6 1 I 
22:00 1 .5 8  255 . 77  1 4 . 60 I 
23 :00 1 .60 255 .76 1 4 .59 
24:00:00 1 .60 255 . 76 1 4 .59 
--
1 6). J u nct ion - 1 6  Time Se ries deta i ls 
Time ( l  l ours ) Demand ( Lis) ! lead ( m )  
0 :00 1 .60 255 . 75 
I :00 1 . 5 8  255 . 76 
2 :00 1 . 5 5  255 .77  
3 :00 1 . 56  255 .76 
4 : 00 1 . 5 8  255 . 76 
5 :00 1 . 76 255 .65  
6 : 00 1 . 73 255 .67 
7 :00 1 . 70 255 .69 
8 :00 1 . 73 255 .67 
9 :00 1 . 7 1  255 .68 
1 0 :00 1 . 70 255 .69 
I I  :00 1 .7 1  255 .68 
1 2 :00 1 . 70 255 .69 
1 3 :00 1 .70 255 .69 
1 4 :00 1 .68 255 . 70 
1 5 : 00 1 . 70 255 .69 
1 6 :00 1 . 73 255 .67  
1 7 :00 1 . 5 0  255 . 80 
1 8 :00 1 . 52 255 .79 
1 9 :00 1 .43 255 . 83 
20:00 1 . 5 5  255 .77  
2 1 :00 1 . 56  255 .76 
22 :00 1 .5 8  255 .76 
23 : 00 1 .60 255 . 75 
24 :00:00 1 .60 255 .75 
Pressure ( m )  
1 4 .32 
1 4 .32 
1 4 .34 
1 4 .33 
1 4 .32 
1 4 .22 
1 4 .24 
1 4 .26 
1 4 .24 
1 4 .25 
1 4 .26 
1 4 .25 
1 4 .26 
1 4 .26 
1 4 .27 
1 4 .26 i 
1 4 .24 
1 4 .37  
1 4 .36 
1 4 .40 
1 4.34 
1 4 .33 
1 4 .32 
1 4 .32 
1 4 .32 
0'1 
'-D 
1 7) .  J u nc t ion - J 7 Time Series de ta i ls 
Time ( Hours) Demand ( Lis )*  Head ( m )  Pressure ( m )  
0 :00 0 255 .75  1 4 .28 
I :00 0 255 .76 1 4 .28 
2 :00 0 255 . 77  1 4 .3 
3 : 00  0 255 .76 1 4 .29 
4 : 00 0 255 .76  1 4 .28 
5 : 00 0 255 .65 1 4 . 1 8  
6 : 00 0 255 .67  1 4.2  
7 :00  0 255 .69 1 4 .22 
8 : 00 0 255 .67 1 4 .2  
9 : 00 0 255 .68  1 4.2 1 
1 0 :00 0 255 .69 1 4 .22 
1 1 : 00 0 255 .68 1 4 .2 1 
1 2 :00 0 255 .69 1 4 .22 
1 3 : 00 0 255 .69 1 4 .22 
1 4 :00 0 255 .70 1 4 .23 
1 5 : 00 0 255 .69 1 4 .22 
1 6 :00 0 255 .67 1 4 .2  
1 7 :00 0 255 .80 1 4 .33 
1 8 :00 0 255 . 79 1 4 .32 
1 9 :00 0 255 . 83 1 4 .36 
20 :00 0 255 .77  1 4 .3 
2 1 :00 0 255 .76  1 4.29 
22 :00 0 255 .76 1 4 .28 
23:00 0 255 .75  1 4 .28 
24 :00 :00 0 255 .75  1 4 .28 
-----
* Elbow 
1 8) .  J u n c t ion - 1 8  Time Series d eta i ls 
Time ( T l ours) Demand ( Lis)* Head ( m )  
0 : 00 0 255 .75 
1 : 00 0 255 .76 
2 :00 0 255 .78  
3 :00 0 255 .77  
4 :00  0 255 . 76 
5 :00 0 255 .65  
6 :00  0 255 .67  
7 :00  0 255 .69 
8 :00 0 255 .67 
9 :00 0 255 .68  
1 0 :00 0 255 .69 
1 1 :00 0 255 .68 
1 2 : 00 0 255 .69 
1 3 :00 0 255 .69 
1 4 : 00 0 255 .70 
1 5 :00 0 255 .69 
1 6 :00 0 255 .67 
1 7 :00 0 255 .80  
1 8 :00 0 255 . 79 
1 9 : 00 0 255 . 84 
20:00 0 255 .78  
2 1 : 00 0 255 .77  
22 :00 0 255 .76 
23 :00 0 255 . 75 
24:00:00 0 255 .75 
*E lbow 
Pressure ( m) 
1 2 .98 
1 2 .99 
1 3 .0  I 
1 3 .00 
1 2 .99 
1 2 . 89 
1 2 .9 1 
1 2 .93 
1 2 .9 1 
1 2 .92 
1 2 .93 
1 2 .92 
1 2 .93 
1 2 .93 
1 2 .94 
1 2 .93 
1 2 .9 1 
1 3 .04 
1 3 . 03 
1 3 .07 
1 3 .0  I 
1 3 .00 
1 2 .99 
1 2 .98 
1 2 .98 
-.J 
0 
1 9). J u nct ion - 1 9  Time Scdcs detai ls  20) .  Ju nct ion - 20 Time Series detai ls  
Time ( H ours) Demand ( Lis) Head ( rn )  Pressure ( rn )  Time ( f l ours) Demand ( Lis) Head ( m )  Pressure ( m )  
0 :00 1 .60 255 . 75  1 2 . 58  0 :00 1 .60 255 . 77 1 3 .07 
1 :00 1 .5 8  255 .76 1 2 . 59  1 : 00 1 .5 8  255 .78  1 3 .08 
--
2 : 00 1 . 5 5  255 . 78  1 2 . 6 1 2 :00 1 . 5 5  255 . 80 1 3 . 1 0  
3 : 00 1 . 5 6  255 . 77  1 2 .6  3 :00 1 . 56  255 . 79 1 3 .09 
4 :00 1 . 5 8  255 .76 1 2 .59 4 :00 1 .5 8  255 .78 1 3 .08 
5 : 00 1 . 76 255 .65  1 2 .49 5 :00 1 . 76 255 .68 1 2 .98 
6 :00 1 . 73 255 .67  1 2 . 5 1 6 :00 1 . 73 255 . 70 1 3 .00 
7 :00 1 . 70 255 .69 1 2 . 53  7 :00  1 . 70 255 . 72 1 3 .02 
8 : 00 1 . 73 255 .67  1 2 .5 1 8 : 00 1 .73 255 .70 1 3 .00 
9 :00 1 .7 1  255 .68 1 2 . 52  9 :00  1 . 7 1  255 .7 1 1 3 . 0  I 
1 0 :00 1 . 70 255 .69 1 2 . 53  1 0 :00 1 . 70 255 .72 1 3 . 02 
I I  :00 1 . 7 1  255 .68 1 2 . 52  I I  : 00 I .  7 1  255 . 7 1  1 3 .0 1 
1 2 :00 1 . 70 255 .69 1 2 . 53  1 2 :00 1 . 70 255 . 72 1 3 .02 
1 3 :00 1 . 70 255 .69 1 2 .53 1 3 :00 1 . 70 255 .72 1 3 .02 
1 4 :00 1 .68 255 .70 1 2 . 54  1 4 :00 1 .68  255 . 73 1 3 .03 
1 5 :00 1 .70 255 .69 1 2 . 53  1 5 :00 1 . 70 255 . 72 1 3 .02 
1 6 :00 1 .73 255 .67  1 2 . 5 1 1 6 :00 1 . 73 255 . 70 1 3 .00 
1 7 :00 1 . 5 0  255 .80 1 2 . 64 1 7 :00 1 . 50  255 .82 1 3 . 1 2  
1 8 :00 1 . 52  255 . 79 1 2 .63 1 1 8 :00 1 .52  255 .82 1 3 . 1 2  
1 9 :00 1 .43 255 .84  1 2 .67 1 9 :00 1 .43 255 . 86 1 3 . 1 6  
20 :00 1 . 5 5  255 .78  1 2 .6 1 20:00 1 . 5 5  255 . 80 1 3 . 1 0  
2 1 :00 1 . 56  255 .77 1 2 .6  2 1 :00 1 . 56  255 . 79 1 3 . 09 
22 :00 1 . 5 8  255 . 76 1 2 .59 22:00 1 . 5 8  255 .78  1 3  08  
23 :00  1 .60 255 .75  1 2 .58 23 :00 1 .60 255 .77  1 3 .07 
24:00 :QQ_ L___ ____ 1 .60 255 .75  1 2 . 58  24:00 :00 1 .60 255 . 77 1 3 . 07 
-....) 
2 1 ). J u nct ion - 2 1  Time Series de ta i ls 22).  J u nct ion - 22 Time Se ries deta i ls  
Time ( I  Tours )  Demand ( Lis) J lead ( m )  Pressure ( m )  T ime ( [ l ours) Demand ( Lis) I l ead ( m )  Pressure ( m )  
0 : 00 1 .60 255 .79 1 3 .09 0 :00 1 .60 255 .75  1 0 .24 
I :00 1 . 5 8  255 . 80  1 3 . 1 0  I :00 1 . 5 8  255 .76 1 0 .25 
2 : 00 1 . 5 5  255 . 82 1 3 . 1 2  2 : 00 1 . 5 5  255 .77  1 0 .27  
3 :00 1 . 56  255 . 8 1 1 3 . 1  I 3 :00 1 .5 6  255 . 77 1 0 .26 
4 :00 1 . 5 8  2 5 5 . 80 1 3 . 1 0  4 :00 1 . 5 8  255 .76 1 0 .25 
5 :00 1 .76 255 .70 1 3 .00 5 :00 1 . 76 255 .65 1 0 . 1 4  
6 : 00 1 .73 255 .72  1 3 .02 6 :00 1 . 73 255 .67 1 0. 1 6 
7 :00 1 . 70 255 .74 1 3 .04 7 : 00 1 . 70 255 .69 I 0 . 1 8  
8 : 00 1 . 73 255 .72  1 3 .02 8 :00 1 . 73 255 .67 1 0 . 1 6  
9 :00 1 . 7 1  255 . 73 1 3 .03 9 :00 1 . 7 1  255 .68 1 0 . 1 7  
1 0 :00 1 . 70 255 . 74 1 3 . 04 1 0 :00 1 . 70 255 .69 I 0 . 1 8  
1 1 : 00 1 . 7 1  255 . 73 1 3 .03 I I :00 1 . 7 1  255 .68 I O . 1 7  
1 2 :00 1 .70 255 . 74 1 3 . 04 1 2 :00 I . 70 255 .69 1 0 . 1 8 
1 3 :00 1 . 70 255 . 74 1 3 . 04 1 3 :00 1 . 70 255 .69 1 0 . I 8 
1 4 :00 1 .68  255 .75  1 3 .05 1 4 :00 1 .68 255 . 70 1 0 . 1 9 . 
1 5 : 00 1 . 70 255 . 74 1 3 .04 1 5 :00 1 . 70 255 .69 1 0 . 1 8  
1 6 :00 1 . 73 255 . 72 1 3 . 02 1 6 :00 1 . 73 255 .67 1 0 . 1 6 
1 7 :00 1 . 5 0  255 . 84  1 3 . 1 4  1 7 :00 1 . 5 0  255 . 80 1 0 .29 
1 8 :00 1 . 52  255 . 83 1 3 . 1 3 1 8 :00 1 . 52 255 . 79 1 0 .28 
1 9 :00 1 .43 255 . 87  1 3 . 1 7  1 9 :00 1 .43 255 . 83 1 0 .33 
20:00 1 . 5 5  255 .82 1 3 . 1 2  20:00 1 . 5 5  255 .77 1 0 .27 
2 1 :00 1 . 5 6  255 . 8 1 1 3 . 1 1 ' 2 1 :00 1 . 56 255 .77 1 0 .26 
22 :00 1 . 5 8  255 .80 1 3 . 1 0  22 :00 1 .5 8  255 .76 1 0 .25 
23 :00 1 .60 255 . 79 1 3 . 09 23 :00 1 .60 255 .75 1 0 .24 




23). J u nc t ion - 23 Time Series detai ls  
Time ( H ours)  Demand ( Lis) Head ( m )  Pressure ( m )  
0 :00 1 .60 255 . 74 1 0 . 1 2  
1 :00 1 . 5 8  255 .75  1 0 . 1 3  
2 :00 1 . 5 5  255 . 77  1 0 . 1 5 
3 :00 1 . 5 6  2 5 5 .76 1 0 . 1 4  
4 : 00 1 . 5 8  255 .75  1 0. 1 3  
5 :00 1 . 76 255 .64 1 0 . 02 
6 : 00 1 . 73 255 .66 1 0 .04 
7 : 00 1 . 70 255 .68  1 0 . 06 
8 : 00 I .  73 255 .66 1 0 .04 
9 : 00 1 . 7 1  255 .67 1 0 .05 
1 0 :00 1 . 70 255 .68 1 0 . 06 
1 1 :00 1 .7 1  255 .67  1 0 .05 
1 2 :00 1 .70 255 .68  1 0.06 
1 3 :00 1 .70 255 .68 1 0 .06 
1 4 :00 1 .68  255 .69 1 0 .07 
1 5 :00 1 . 70 255 .68 1 0 .06 
1 6 :00 1 . 73 255 .66 1 0 .04 
1 7 :00 1 . 50  255 . 79 1 0 . 1 7  
1 8 :00 1 . 52  255 . 78  1 0 . 1 7  
1 9 :00 1 .43 255 .83 1 0 .2 1 
20 :00 1 . 5 5  255 . 77  1 0 . 1 5 
2 1 :00 1 . 5 6  255 . 76 1 0 . 1 4  
22 :00 1 . 5 8  255 . 75 1 0 . 1 3  
23 :00 1 .60 255 . 74 1 0 . 1 2 
24:00:00 1 .60 255 . 74 1 0 . 1 2  
---- - - --
24). J u nc t ion - 2-' Time Series deta ils 
Time ( Hours) Demand ( Lis) T lead ( m )  
0 : 00 1 .60 255 . 74 
I :00 1 . 5 8  255 .75 
2 : 00 1 . 5 5  255 . 76 
3 : 00 1 . 56  255 .76 
4 : 00 1 . 5 8  255 .75  
5 :00 ! . 76 255 .64 
6 : 00 1 . 73 255 .66 
7 :00 I .  70 255 .68 
8 :00 1 . 73 255 .66 
9 :00 1 . 7 1  255 .67 
1 0 :00 1 . 70 255 .68 
I I  :00 1 . 7 1  255 .67  
1 2 :00 1 . 70 255 .68  
1 3 :00 1 . 70 255 .68 
1 4 :00 1 .68 255 .69 
1 5 :00 1 .70 255 .68 
1 6 :00 1 . 73 255 .66 
1 7:00 1 . 50  255 .79 
1 8 :00 1 . 52 255 . 78 
1 9 :00 1 .43 255 .83 
20 :00 1 . 55  255 . 76 
2 1 :00 1 . 56  255 . 76 
22 :00 1 . 5 8  255 .75 
23 :00 1 . 60 255 .74 
24 :00 :00 1 .60 255 .74 
Pressure ( m )  
1 0 . 1 2  
1 0  1 3  
I 0 . 1 5  
1 0 . 1 4  
1 0 . 1 3  
1 0.02 
1 0 .04 
1 0 . 06 
I O .o.+ 
1 0.05 
1 0 .06 
1 0 .05 
1 0.06 
1 0. 06 
1 0 .07 
1 0 .06 
1 0 .04 
1 0 . 1 7  
1 0 . 1 6  
1 0 .2 1 
1 0 . 1 5  
1 0 . 1 4  
I 0 . 1 3  
1 0 . 1 2  
1 0 . 1 2  
--:1 w 
25) .  J u nct ion - 25 Time Series deta ils 26).  D MA - Time Se ries detai ls  
Time (Hours) Demand ( Lis) Head ( m )  Pressure ( m )  Time ( I  fours ) Demand ( Lis) 
0 : 00 1 .60 255 . 73 1 3 .53 0 :00 25 . 56  
I : 00  1 . 5 8  255 . 74 1 3 .54 I :00 25 .30 
2 : 00 1 . 5 5  255 .76  1 3 . 56  2 : 00 24.78 
3 : 00 1 . 5 6  255 .75  1 3 . 5 5  3 : 00 25 .04 
4 :00 1 . 5 8  255 .74 1 3 . 54 4 :00 25 .30  
5 :00 1 . 76 255 .64 1 3 .44 5 :00 28. 1 7  
6 : 00 1 . 73 255 .66 1 3 .46 6 :00 27 .64 
7 :00 1 . 70 255 .68  1 3 .48 7 :00 27 . 1 2  
8 :00 1 . 73 255 .66 1 3 .46 8 :00 27 .64 
9 :00 1 . 7 1  255 .67 1 3 .47 9:00 27 .38 
1 0 :00 1 .70 255 .68 1 3 .48 1 0 :00 27 . 1 2  
1 1 :00 1 .7 1  255 .67 1 3 .47 1 1 : 00 27 .38 
1 2 :00 1 .70 255 .68  1 3 .48 1 2 :00 27. 1 2  
1 3 : 00 1 .70 255 .68  1 3 .48 1 3 :00 27 . 1 2  
1 4 :00 1 .68 255 .69 1 3 .49 1 4 :00 26 .86 
1 5 :00 1 .70 25 5 .68 1 3 .48 I 5 : 00 27 . 1 2  
1 6 :00 1 . 73 25 5 .66 I 3 .46 1 6 :00 27.64 
1 7 :00 1 . 5 0  255 . 79 1 3 .59 1 7 :00 23 .99 
1 8 :00 1 . 52  255 .78 1 3 . 58  1 8 :00 24.25 
1 9 : 00 1 .43 255 .82 1 3 .62 1 9 : 00 22.95 
20 :00 1 . 5 5  255 .76 1 3 .56  20:00 24.78 
2 1 :00 1 . 5 6  255 .75  1 3 . 55  2 1 : 00 25 .04 
22 :00 1 . 5 8  255 .74 1 3 .54 22:00 25 .30  
23 : 00 1 .60 255 .73 1 3 .53 23 :00 25 .56  
24 :00 : 00 1 .60 255 .73 1 3 .53 24:00 :00 25 .56  






















































Scen a rio -2 
Ta bula ted Prese n ta t ion of Pi pes Time Se.-ies 
Res u l ts 
-..) V1 
1 ) . P ipe P- 1 Time Series deta i ls  2) .  Pipe P-2 Time Se ries deta i ls  
Time 
Length D iameter 
Roughness 
F low Veloc i ty 




F lO\\ Vc loc 1 t� 
( 111 ) ( m m )  Lis m s  
0 : 00 1 00 3 00 1 30 25 . 56 0 .36 0 :00 232 .038 200 1 30 1 2 .40 0.39 
-
1 : 00 1 00 3 00 1 30 25 .3  0 .36  I : 00 232.038 200 1 30 1 2 .27  0.39 
-
2 : 00 1 00 300 1 30 24 .78 0 .35  2 : 00 232 .03 8 200 1 30 1 2 .02 0 .38  
-
3 : 00 1 00 300 1 30 25 .04 0 .35 3 : 00 232.038 200 1 30 1 2 . 1 4  0 .39 
4 : 00 1 00 300 1 30 25 . 30 0 .36 4 : 00 232 .038 200 1 30 1 2 .27  0.39 
5 : 00 1 00 300 1 30 28 . 1 7  0 .4  5 :00 232.03 8 200 1 30 1 3 .66 0 .43 
6 :00 1 00 300 1 30 27 .64 0 .39 6 : 00 232 .038 200 1 30 1 3 .4 1 OA3 
7 :00 1 00 3 00 1 30 27 . 1 2  0 .38  7 :00 232 .038 200 1 30 1 3 . 1 5  0.42 
8 : 00 1 00 3 00 1 30 2 7. 64 0 .39 8 :00 232.038 200 1 30 1 3 .4 1 0 .43 
9 :00 1 00 3 00 1 30 27 .38  0 .39 9 :00 232 .038 200 1 30 1 3 .28 0 .4� 
1 0 :00 1 00 300 1 30 27 . 1 2  0 . 38  1 0 : 00 232.038 200 1 30 1 3 . 1 5  0 .42 
I I  : 00 1 00 300 1 30 27 .38  0 .39 I I  :00 232 .038 200 1 30 1 3 .28 0 .42 
1 2 : 00 1 00 300 1 30 27 . 1 2  0 .38  1 2 : 00 232.038 200 1 30 1 3 . 1 5  0.42 
1 3 : 00 1 00 300 1 30 27 . 1 2  0 . 38  1 3 :00 232 .038 200 1 30 1 3 . 1 5  0 .42 
1 4 :00 1 00 300 1 30 26 .86 0 .38  1 4 : 00 232.038 200 1 30 1 3 .03 0.4 I 
1 5 : 00 1 00 300 1 30 27 . 1 2  0 . 38  1 5 :00 232 .03 8 200 1 30 1 3 . 1 5  0 .42 
1 6 :00 1 00 3 00 1 30 27 .64 0.39 1 6 : 00 232.038 200 1 30 1 3 .4 1 0 .43 
1 7 :00 1 00 300 1 30 23 .99 0 .34 1 7 : 00 232.038 200 1 30 1 1 . 64 0 .37  
1 8 :00 1 00 300 1 30 24.25 0 .34 1 8 : 00 232.038 200 1 30 1 1 . 76 0 .37 
1 9 :00 1 00 300 1 30 22.95 0 .32 1 9 :00 232 .038 200 1 30 I 1 . 1 3 0 .35 
20 :00 1 00 300 1 30 24 .78 0 .35 20 :00 232 .038 200 1 30 1 2 .02 0 .38  
2 1 :00 1 00 300 1 30 25 .04 0 .35  2 1 : 00 232.038 200 1 30 1 2 . 1 4  0.39 
22:00 1 00 300 1 30 25 .30 0 .36 22 :00 232 .038 200 1 30 1 2 .27  0.39 
23 :00 1 00 300 1 30 25 .56  0 .36 23 :00 232.038 200 1 30 1 2 .40 0.39 




3). P ipe P-3 Time Series deta i ls  4) .  Pipe P-..t Time Series deta i ls 
Time 
Length D iameter 
Roughness 
F low Veloc i ty 





(m )  (mm)  Lis m s  
0 : 00 9.975 200 1 30 2 .95 0.09 0 : 00 1 60.264 200 1 30 1 3 . 1 6  o -n 
l :00 9 .975 200 1 30 2.92 0 .09 I : 00 1 60.264 200 1 30 1 3 .03 0 .4 1 
2 : 00 9.975 200 1 30 2 . 86 0.09 2 :00 1 60 .264 200 1 30 1 2 . 76 0 4 1  .. 
3 :00 9.975 200 1 30 2 .89 0 .09 3 :00 1 60 .264 200 1 30 1 2 .89 0 .4 1 
4 : 00 9.975 200 1 30 2.92 0 .09 4 :00 1 60. 264 200 1 30 1 3 .03 0.4 1 
5 :00 9.975 200 1 30 3 .25  0 . 1 0  5 : 00 1 60 . 264 200 1 30 I ·-1.5 1  0 .46 
6 : 00 9.975 200 1 30 3 . 1 9  0 . 1 0  6 :00 1 60 .264 200 1 30 1 4 .24 0 .45 
7 : 00 9.975 200 1 30 3 . 1 3  0 . 1 0  7 :00 1 60 . 264 200 1 30 1 3 .97 0 .44 
8 : 00 9.975 200 1 30 3 . 1 9  0 . 1 0  8 : 00 1 60.264 200 1 30 1 4 .24 0 .45 
9 : 00 9.975 200 1 30 3 . 1 6  0 . 1 0  9 :00 1 60 .264 200 1 30 1 4 . 1 0 045 
1 0 : 00 9.975 200 1 30 3 . 1 3  0 . 1 0  1 0 : 00 1 60 .264 200 1 30 1 3 .97 0 .44 
1 1 : 00 9.975 200 1 30 3 . 1 6  0 . 1 0  I I  :00 1 60 .264 200 1 30 1 4 . 1 0  0 .45 
1 2 :00 9 .975 200 1 30 3 . 1 3  0 . 1 0  1 2 : 00 1 60 . 264 200 1 30 1 3 .97 0.44 
1 3 : 00 9.975 200 1 30 3 . 1 3  0 . 1 0  1 3 :00 1 60.264 200 1 30 1 3 .97 0 .44 
1 4 :00 9.975 200 1 30 3 . 1 0  0 . 1 0  1 4 : 00 1 60 .264 200 1 30 1 3 .83 0 . 44 
1 5 :00 9.975 200 1 30 3 . 1 3  0 . 1 0  1 5 : 00 1 60.264 200 1 30 1 3 .97 0 . 44 
-
1 6 : 00 9.975 200 1 30 3 . 1 9  0 . 1 0  1 6 : 00 1 60.264 200 1 30 1 4 .24 0 .45 
1 7 : 00 9.975 200 1 30 2 .77  0 .09 1 7 :00 1 60.264 200 1 30 1 2 .36 0.39 
1 8 :00 9.975 200 1 30 2 .80 0.09 1 8 : 00 1 60 .264 200 1 30 1 2.49 0.40 
1 9 :00 9.975 200 1 30 2 .65 0 .08 1 9 : 00 1 60 . 264 200 1 30 1 1 . 82 0 .38  
20 :00 9.975 200 1 30 2 . 86 0 .09 20 :00 1 60 .264 200 1 30 1 2 . 76 0 .4 1 
2 1 : 00 9.975 200 1 30 2 .89 0.09 2 1 :00 1 60 .264 200 1 30 1 2 .89 0.4 1 
22 :00 9.975 200 1 30 2 .92 0 .09 22 :00 1 60 .264 200 1 30 1 3 .03 0 .4 1 
23 : 00 9.975 200 1 30 2.95 0.09 23 :00 1 60 .264 200 1 30 1 3 . 1 6  0 .42 
24 :00 9.975 200 1 30 2 .95 0 .09 24 :00 1 60 .264 200 1 30 1 3 . 1 6  0 .42 
-..) 
--...l 




F low Veloc i ty 




F lo""' Veloc i t) 
(m) ( m m )  Lis m s  
0 :00 2 .38 1 50 1 30 1 3 . 1 6  0 .74 0 :00 354.92 1 50 1 30 3 . 1 2  0 . 1 8  
1 :00 2 .38  1 50 1 30 1 3 .03 0 . 74 I :00 354 .92 1 50 1 30 3 .09 0 . 1 7  
2 : 00 2 .38  1 50 1 30 1 2 . 76 0 . 72 2 : 00 354 .92 1 50 1 30 3 .03 0 . 1 7  
3 : 00 2 .38  1 50 1 30 1 2 .89 0 .73 3 :00 354.92 1 50 1 30 3 .06 0 . 1 7  
4 :00 2 .38 1 50 1 30 1 3 .03 0 .74 4 :00 354 .92 1 50 1 30 3 . 09 0. 1 7  
5 : 00 2 .38  1 50 1 30 1 4.5 1 0 . 82 5 : 00 354 .92 1 50 1 30 3 .44 0 . 1 9  
6 :00 2 .38  1 50 1 30 1 4 .24 0 . 8 1 6 :00 354.92 1 50 1 30 3 . 38  0 . 1 9  
7 : 00 2 .38  1 50 1 30 1 3 .97 0 .79 7 :00 354 .92 1 50 1 30 3 . 3 1 0. 1 9  
8 : 00 2 .38  1 50 1 30 1 4 .24 0 .8 1 8 :00 354.92 1 50 1 30 3 .38  0. 1 9  
9 :00 2 .38 1 50 1 30 1 4 . 1 0  0 .80 9 :00 354 .92 1 50 1 30 3 . 35  0 . 1 9  
1 0 :00 2 .38 1 50 1 30 1 3 .97 0 .79 1 0 :00 354 .92 1 50 1 30 3 .3 1 0. 1 9  
I I  :00 2 . 38  1 50 1 30 1 4 . 1 0  0 .80 I I  : 00 354 .92 1 50 1 30 3 .35 0 . 1 9  
1 2 : 00 2 . 38  1 50 1 30 1 3 .97 0 .79 1 2 :00 354 .92 1 50 1 30 3 .3 1 0 . 1 9  
1 3 : 00 2 .38  1 50 1 30 1 3 .97 0 . 79 1 3 :00 354.92 1 50 1 30 3 .3  I 0 . 1 9  
1 4 :00 2 .38 1 50 1 30 1 3 .83 0 .78 1 4 :00 354.92 1 50 1 30 3 .28 0. 1 9  
1 5 : 00 2 .38  1 50 1 30 1 3 .97 0 .79 I 5 : 00 354 .92 1 50 1 30 3 .3 1 0. 1 9  
1 6 : 00 2 .38  1 50 1 30 1 4.24 0 . 8 1 1 6 : 00 354 .92 1 50 1 30 3 . 38  0 . 1 9  
-
1 7 : 00 2 .38  ! 50 1 30 1 2 .36 0 . 70 1 7 :00 354 .92 1 50 1 30 2.93 0. I 7 
1 8 : 00 2 . 38  1 50 1 30 1 2 .49 0 .7 1 1 8 :00 354 .92 1 50 1 30 2.96 0. 1 7  
1 9 : 00 2 . 38  1 50 1 30 1 1 .82 0 .67 1 9 :00 354 .92 1 50 1 30 2 .8  0 . 1 6  
20 :00 2 .38  1 50 1 30 1 2 . 76 0 .72 20 :00 354 .92 1 50 1 30 3 .03 0. 1 7  
2 1 : 00 2 .38  1 50 1 30 1 2 .89 0 .73 2 1 :00 354.92 1 50 1 30 3 .06 0. 1 7  
22 :00 2 .38  1 50 1 30 1 3 .03 0 .74 22 :00 354 .92 1 50 1 30 3 .09 0. 1 7  
23 :00 2 . 38  ! 50 1 30 1 3 . 1 6  0 .74 23 :00 354 .92 1 50 1 30 3 . 1 2  0 . 1 8  




7).  P ipe P-7 Time Series deta i ls  
Time 
Length D iameter 
Roughness 
F low Veloc i ty 
(m) ( m m )  Lis m/s 
0 : 00 1 05 .3 1 50 1 30 3 . 1 2  0 . 1 8  
I :00 1 05 . 3  1 50 1 30 3 . 09 0 . 1 7  
2 : 00 1 05 . 3  1 50 1 30 3 . 03 0 . 1 7  
3 :00 1 05 .3  1 50 1 30 3 .06 0 . 1 7  
4 : 00 1 05 . 3  1 50 1 30 3 .09 0 . 1 7  
5 : 00 I 05 . 3  1 50 1 30 3 .44 0 . 1 9  
6 : 00 1 05 . 3  1 50 1 30 3 . 38  0 . 1 9  
7 : 00 1 05 .3  1 50 1 30 3 .3 1 0 . 1 9  
8 : 00 1 05 .3 1 50 1 30 3 . 38  0 . 1 9  
9 :00 1 05 .3 1 50 1 30 3 . 3 5  0 . 1 9  
1 0 :00 1 05 .3 1 50 1 30 3 . 3 1 0 . 1 9  
I I :00 I 05 .3  1 50 1 30 3 . 3 5  0 . 1 9  
1 2 : 00 1 05 . 3  1 50 1 30 3 . 3 1 0 . 1 9  
1 3 : 00 I 05 .3 1 50 1 30 3 .3 1 0 . 1 9  
1 4 : 00 I 05 .3 1 50 1 30 3 .28 0 . 1 9  
1 5 : 00 1 05 .3 1 50 1 30 3 . 3 1 0 . 1 9  
1 6 : 00 1 05 . 3  1 50 1 30 3 . 38  0 . 1 9  
1 7 : 00 I 05 .3  1 50 1 30 2 .93 0 . 1 7 ! 
1 8 :00 1 05 .3 1 50 1 30 2.96 0 . 1 7  
1 9: 00 1 05 .3 1 50 1 30 2 .80  0 . 1 6  
20 :00 1 05 .3 1 50 1 30 3 .03 0 . 1 7  
2 1 :00 1 05 .3 1 50 1 30 3 .06 0 . 1 7  
22 :00 1 05 .3 1 50 1 30 3 . 09 0 . 1 7  ' 
23 :00 1 05 .3 1 50 1 30 3 . 1 2  0 . 1 8  
24:00 1 05 . 3  1 50 1 30 3 . 1 2  0 . 1 8  
8) .  Pipe P-8 Time Se ries deta i ls  
-
Time 
Length D iameter 
Roughness 
( m )  ( m m )  
0 :00 354 .9 1 1 50 1 30 
I : 00 354 .9 1 1 50 1 30 
2 : 00 354 .9 1 1 50 1 30 
3 : 00 354 .9 1 1 50 1 30 
4 :00 354 .9 1 1 50 1 30 
5 : 00 354 .9 1 1 50 1 30 
6 : 00 354 .9 1 1 50 1 30 
7 :00 354 .9 1 1 50 1 30 
8 : 00 354 .9 1 1 50 1 30 
9 :00 354 .9 1 1 50 1 30 
1 0 : 00 354.9 1 1 50 1 30 
1 I :00 354 .9 1 1 50 1 30 
1 2 : 00 354 .9 1 1 50 1 30 
1 3 :00 354.9 1 1 50 1 30 
1 4 : 00 354 .9 1 1 50 1 30 
I 5 : 00 354.9 1 1 50 1 30 
1 6 : 00 354 .9 1 1 50 1 30 
1 7 : 00 354 .9 1 1 50 1 30 
1 8 :00 354 .9 1 1 50 1 30 
1 9 : 00 354 .9 1 1 50 1 30 
20 :00 354 .9 1 1 50 1 30 
2 1 : 00 354 .9 1 1 50 1 30 
22 :00 354 .9 1 1 50 1 30 
23 :00 354.9 1 1 50 1 30 
24 :00 354 .9 1 1 50 1 30 
FlO\\ 
Lis 
3 . 1 2  
3 .09 
3 . 03 
3 .06 
3 . 09 
3 .44 
3 .38  
3 .3 1 
3 .38  
3 . 35  
3 .3  I 
3 .35  
3 . 3  I 
3 . 3  I 
3 .28  
3 .3 1 







3 . 1 2  
3 . 1 2  




0 1 8  
0 . 1 7  
0 . 1 7  
0. 1 7  
0 . 1 7  
0 . 1 9  
0 . 1 9  
0 . 1 9  
0 . 1 9  
0 . 1 9  
0 . 1 9  
0 . 1 9  
0. 1 9  
0 . 1 9  
0 . 1 9  
0. 1 9  
0. 1 9  
0 . 1 7  
0. 1 7  
0. 1 6  
0. 1 7  
0 . 1 7  
0 . 1 7  
0 . 1 8  
0. 1 8  
9).  P ipe P-9 Time Series deta i ls  
Time 
Length D iameter  
Roughness 
F low Ve loc i ty 
( m )  ( m m )  Lis m/s 
0 : 00 1 05 .97 1 50 1 30 1 . 52  0 .09 
I :00 1 05 .97 1 50 1 30 l .5 I 0 .09 
2 : 00 1 05 .97 1 50 1 30 1 .48 0 .08 
3 : 00 1 05 .97 ! 50 1 30 1 .49 0 .08 
4 : 00 1 05 .97 1 50 1 30 l . 5 I 0 .09 
5 : 00 1 05 .97 1 50 1 30 1 .68 0 . 1 0  
6 :00 1 05 .97 1 50 1 30 1 .65  0.09 
7 : 00 1 05 .97 1 50 1 30 1 .62 0 .09 
8 : 00 1 05 .97 1 50 1 30 1 .65 0 .09 
9 :00 1 05 .97 1 50 1 30 1 .63 0.09 
1 0 :00 1 05 .97 1 50 1 30 1 .62 0 .09 
I I  :00 1 05 .97 1 50 1 30 1 .63 0 .09 
1 2 :00 1 05 .97 1 50 1 30 1 .62 0 .09 
1 3 : 00 1 05 .97 1 50 1 30 1 .62 0 .09 
1 4 :00 1 05 .97 1 50 1 30 1 .60 0 .09 
1 5 :00 1 05 .97 1 50 1 30 1 .62 0 .09 
1 6 :00 1 05 .97 1 50 1 30 1 .65 0 .09 
1 7 :00 1 05 .97 1 50 1 30 1 .43 0 .08 
1 8 :00 1 05 .97 1 50 1 30 1 .45 0 .08 
1 9 :00 1 05 .97 1 50 1 30 1 .3 7  0.08 
20 :00 1 05 .97 1 50 1 30 1 .48 0.08 
2 1 : 00 1 05 .97 1 50 1 30 1 .49 0 .08 
22 :00 1 05 .97 1 50 1 30 1 . 5 1  0 .09 
23 : 00 1 05 .97 1 50 1 30 1 . 52 0 .09 
24 : 00 1 05 .97 ! 50 1 30 1 . 52  0 .09 I 
1 0) .  P ipe P- 1 0  Time Series deta i ls 
Time 
Length D 1ameter 
Roughness ( m )  ( m m )  
0 :00 2 1  1 50 1 30 
I :00 2 1  1 50 1 30 
2 : 00 2 1  1 50 1 30 
3 : 00 2 1  1 50 1 30 
4 :00 2 1  1 50 1 30 
5 : 00 2 1  1 50 1 30 
6 : 00 2 1  1 50 1 30 
7 :00 2 1  1 50 1 30 
8 :00 2 1  1 50 1 30 
9 :00 2 1  1 50 1 30 
1 0 : 00 2 1  1 50 1 30 
I I  :00 2 1  1 50 1 30 
1 2 : 00 2 1  1 50 1 30 
1 3 :00 2 1  I SO 1 30 
1 4 : 00 2 1  1 50 1 30 
1 S : OO 2 1  1 50 1 30 
1 6 : 00 2 1  1 50 1 30 
1 7 : 00 2 1  1 50 1 30 
1 8 : 00 2 1  1 50 1 30 
1 9 :00 2 1  1 50 1 30 
20 :00 2 1  1 50 1 30 
2 1 : 00 2 1  1 SO 1 30 
22 :00 2 1  I SO 1 30 
23 :00 2 1  ! 50 1 30 






1 .3 1  
1 . 32 
1 .47 
1 .44 
1 .4 1  
1 .44 
1 .43 
1 .4 1  
1 .43 
1 .4 1  
1 .4 1  
1 .40 
1 .4 1  
1 . 44 




1 .3 1  
1 . 32 
1 .33 
1 . 33 
Ve loc i t) 






























1 1 ) .  Pipe P- 1 1  Ti m e  Se ries deta i ls  1 2) .  P ipe P- 1 2  Time Se ries deta i ls 
Time 
Length D iameter 
Roughness 
F l ow Ve loc i ty 
( m )  ( m m )  Lis mls Time 
Length Diameter  
Roughness 
F low Ve loc i t) 
( m )  ( m m )  Us m s  
0 : 00 1 05 .97 1 50 1 30 0 .88  0 .05  0 :00 763 . 8 1 1 50 1 30 0 . 7 1 0 .04 -
I : 00 1 05 .97 1 50 1 30 0 .88  0 .05 I : 00 763 . 8 1 1 50 1 30 0 . 7 1  0 .04 
2 : 00 1 05 .97 1 50 1 30 0 .86 0 .05 2 : 00 763 . 8 1 1 50 1 30 0.69 0 .04 -
3 :00 1 05 .97 1 50 1 30 0 .87  0 .05  3 : 00 763 .8 1 1 50 1 30 0 .70 0 .04 
4 :00 1 05 .97 1 50 1 30 0 .88  0 .05  4 :00 763 . 8 1 1 50 1 30 0 .7 1 0 .04 -
5 : 00 1 05 .97 1 50 1 30 0 .97 0 .06 5 : 00 763 . 8 1 1 50 1 30 0 . 79 0.04 
6 :00 1 05 .97 1 50 1 30 0.96 0 .05 6 : 00 763 . 8 1 1 50 1 30 0.77 0.04 
7 :00 1 05 .97 1 50 1 30 0 .94 0 .05 7 :00 763 . 8 1 1 50 1 30 0.76 0 .04 
8 :00 1 05 .97 1 50 1 30 0 .96 0 .05 8 : 00 763 . 8 1 1 50 1 30 0 . 77 0.04 
9 :00 1 05 .97 1 50 1 30 0.95 0 .05 9 :00 763 . 8 1 1 50 1 30 0 .76 0 .04 
1 0 :00 1 05 .97 1 50 1 30 0.94 0 .05 1 0 :00 763 . 8 1 1 50 1 30 0 .76 0 .04 
1 1 : 00 1 05 .97 1 50 1 30 0.95 0 .05 1 1 : 00 763 . 8 1 1 50 1 30 0 76 0 .04 
1 2 : 00 1 05 .97 1 50 1 30 0.94 0.05 1 2 :00 763 . 8 1 1 50 1 30 0 .76 0.04 
1 3 : 00 1 05 .97 1 50 1 30 0.94 0 .05 I 3 : 00 763 . 8 1 1 50 1 30 0 .76 0 .04 
1 4 : 00 1 05 . 97 1 50 1 30 0.93 0.05 1 4 : 00 763 . 8 1 1 50 1 30 0 . 75 0 .04 
1 5 :00 1 05 .97 1 50 1 30 0.94 0.05 I 5 : 00 763 . 8 1 1 50 1 30 0 .76 0 .04 -
1 6 :00 1 05 .97 1 50 1 30 0.96 0 .05 1 6 :00 763 . 8 1 1 50 1 30 0 .77  0 .04 
1 7 :00 1 05 . 97 1 50 1 30 0 .83 0 .05 1 7 : 00 763 . 8 1 1 50 1 30 0 .67 0 .0-1 
1 8 :00 1 05 . 97 1 50 1 30 0 .84 0 .05 1 8 :00 763 . 8 1 1 50 1 30 0 .68 0 .04 
1 9 : 00 1 05 .97 1 50 1 30 0 .79 0 .04 1 9 :00 763 . 8 1 1 50 1 30 0 .64 0 .04 
20:00 1 05 .97 1 50 1 30 0.86 0 .05 20 :00 763 . 8 1 1 50 1 30 0 .69 0.04 
2 1 :00 1 05 .97 1 50 1 30 0 .87  0.05 2 1 :00 763 . 8 1 1 50 1 30 0 .70 0.04 
22 :00 1 05 .97 1 50 1 30 0 .88  0 .05  22 :00 763 . 8 1 1 50 1 30 0 .7 1 0.04 
23 : 00 1 05 .97 1 50 1 30 0 .88  0 .05  23 :00 763 . 8 1 1 50 1 30 0 .7 1 0 .04 
24 :00 1 05 .97 1 50 1 30 0 .88 -- 0.05 24 :00 763 .8 1 
1 50 1 30 0 .7 1 0 .04 
00 
1 3) .  Pipe P- 1 3  Time Se ries deta i ls 1 4) .  Pipe P- J 4 Time Se ries de ta i ls 
Time 
Length D iameter 
Roughness 
F low Ve loc i ty 




F lO\\ Vc loc l t) 
( m )  ( m m )  Us m's 
0 : 00 764 1 50 1 30 1 . 1 5  0 .07  0 :00 764 1 50 1 30 1 .4 1  0 08 
-
I : 00 764 1 50 1 30 1 . 1 4 0 .06 I : 00 764 1 50 1 30 1 . 39 0 .08 
-
2 :00 764 1 50 1 30 1 . 1 1 0 .06 2 : 00 764 1 50 1 30 1 .36 0.08 
-
3 :00 764 1 50 1 30 1 . 1 3 0 .06 3 : 00 764 1 50 1 30 1 .38  0 .08 
4 : 00 764 1 50 1 30 1 . 1 4 0 .06 4 :00 764 1 50 1 30 1 . 39 0.08 
-
5 :00 764 1 50 1 30 1 .27  0 .07  5 : 00 764 1 50 1 30 I 55  0 09 
6 : 00 764 1 50 1 30 1 .24 0 .07 6 :00 764 1 50 1 30 1 . 52 0 09 
7 : 00 764 1 50 1 30 1 .22 0 .07 7 :00 764 1 50 1 30 1 .49 0.08 
8 : 00 764 1 50 1 30 1 .24 0 .07 8 :00 764 1 50 1 30 1 . 52 0 .09 
9 :00 764 1 50 1 30 1 .23 0 .07 9 :00 764 1 50 1 30 1 . 5 1  0 .09 
1 0 :00 764 1 50 1 30 1 .22 0 .07  1 0 :00 764 1 50 1 30 1 .49 0 .08 
1 1 : 00 764 1 50 1 30 1 .23 0 .07 1 1 : 00 764 1 50 1 30 1 . 5 1  0 . 09 
1 2 :00 764 1 50 1 30 1 . 22 0 .07 1 2 :00 764 1 50 1 30 1 . 49 0 .08 
1 3 :00 764 1 50 1 30 1 . 22 0 .07  1 3 : 00 764 1 50 1 30 1 .49 0 .08 
1 4 :00 764 1 50 1 30 1 .2 1  0 .07 1 4 : 00 764 1 50 1 30 1 .48 0 .08 
1 5 : 00 764 1 50 1 30 1 .22 0 .07 1 5 : 00 764 1 50 1 30 1 .49 0 .08 
1 6 :00 764 1 50 1 30 1 .24 0 .07 1 6 :00 764 1 50 1 30 1 . 52 0 .09 
1 7 : 00 764 1 50 1 30 1 .08  0 .06 1 7 :00 764 1 50 1 30 1 .32 0.07 
1 8 : 00 764 1 50 1 30 1 .09 0 .06 1 8 :00 764 1 50 1 30 1 .33 0 .08 
1 9 : 00 764 1 50 1 30 1 .03 0 .06 1 9 : 00 764 1 50 1 30 1 .26 0 .07 
20 :00 764 1 50 1 30 1 . 1 1 0 .06 20 :00 764 1 50 1 30 1 .36  0 .08  
2 1 : 00 764 1 50 1 30 1 . 1 3  0 .06 2 1 :00 764 1 50 1 30 1 .3 8  0 .08 
22 :00 764 1 50 1 30 1 . 1 4 0 .06 1 22 :00 764 1 50 1 30 I . 39  0 .08 
23 :00 764 1 50 1 30 I .  1 5  0 .07 23 :00 764 1 50 1 30 1 .4 1  0.08 
24 :00 764 ! 50 1 30 1 . 1 5  0 .07 24:00 764 1 50 1 30 1 .4 1  0 .08 
-
00 10 
1 5) .  Pipe P- J 5 Time Se ries deta i ls  
Time 
Length D iameter 
Roughness 
F low Ve loc i ty 
( m )  ( m m )  Lis m/s 
0 :00 2 5 .67 1 50 1 30 0 .38  0 .02 
1 :00 25 .67 1 50 1 30 0 .38  0 .02 
2 : 00 25 .67 1 50 1 30 0 .37  0 .02  
3 : 00 25 .67  1 50 1 30 0 .38  0 .02 
4 : 00 25 .67 1 50 1 30 0 .38  0 .02 
5 : 00 25 .67 1 50 1 30 0 .42 0 .02 
6 :00 25 .67  1 50 1 30 0 .42 0 .02 
7 : 00 25 .67  1 50 1 30 0 .4 1 0 .02 
8 :00 25 .67  ! 50 1 30 0 .42 0 .02 
9 :00 25 .67 1 50 1 30 0 .4 1 0 .02 
1 0 :00 25 .67 1 50 1 30 0 .4 1 0.02 
1 1 : 00 25 .67 1 50 1 30 0 .4 1 0 .02 
1 2 :00 25 .67 1 50 1 30 0 .4 1 0 .02 
1 3 : 00 25 .67 1 50 1 30 0 .4 1 0.02 
1 4 : 00 25 .67 1 50 1 30 0 . 4  0 .02 
1 5 :00 25 .67 1 50 1 30 0 .4 1 0 .02 
1 6 : 00 25 .67 1 50 1 30 0 .42 0.02 
1 7 : 00 25 .67 1 50 1 30 0 .36 0 .02 
1 8 :00 25 .67 1 50 1 30 0 .36 0.02 
1 9 : 00 25 .67 1 50 1 30 0.34 0 .02 
20:00 25 . 67 1 50 1 30 0 .37 0 .02 
2 1 : 00 25 .67 1 50 1 30 0 .38  0 .02 
22 :00 25 .67  1 50 1 30 0 .38  0.02 
23 :00 25 .67 1 50 1 30 0 .38  0.02 
24:00 25 .67  1 50 1 30 0 .38  0.02 




( m )  ( m m )  
0 :00 I 05 .97 1 50 1 30 
I : 00 1 05 .97 1 50 1 30 
2 :00 1 05 .97 1 50 1 30 
3 . 00 1 05 .97 ! 50 1 30 
4 :00 1 05 .97 1 50 1 30 
5 : 00 1 05 .97 1 50 1 30 
6 :00 I 05 .97 1 50 1 30 
7:00 1 05 .97 1 50 1 30 
8 : 00 1 05 .97 1 50 1 30 
9 :00 1 05 .97 1 50 1 30 
1 0 : 00 1 05 .97 ! 50 1 30 
1 1 : 00 1 05 .97 ! 50 1 30 
1 2 : 00 1 05 . 97 1 50 1 30 
1 3 :00 1 05 .97 1 50 1 30 
1 4 : 00 1 05 .97 1 50 1 30 
1 5 :00 1 05 .97 1 50 1 30 
1 6 :00 1 05 .97 ! 50 1 30 
I 7 :00 1 05 .97 1 50 1 30 
1 8 : 00 1 05 .97 1 50 1 30 
1 9 :00 1 05 .97 1 50 1 30 
20 :00 1 05 .97 I 50 1 30 
2 1 :00 1 05 .97 1 50 1 30 
22 :00 1 05 .97 1 50 1 30 
23 :00 1 05 .97 1 50 1 30 



















2 .9 1 
2 . 53  
2 . 56  
2 .42 









0 1 5  
0 . 1 5  
0 . 1 5  
0 . 1 5  
0 . 1 5  
0 . 1 7  
0 . 1 6  
0 . 1 6  
0. 1 6  
0 . 1 6  
0. 1 6  
0 . 1 6  
0 . 1 6  
0. 1 6  
0. 1 6  
0. 1 6  
0. 1 6  
O. l ..f 
0 . 1 4  
O . l ..f  
0 . 1 5  
0 . 1 5  
0. 1 5  
0 . 1 5  
0. 1 5  
1 7) .  P ipe P- 1 7  Ti me Se ries de ta i ls 
Time 
Length D iameter 
Roughness 
F low Veloc i ty 
(m) ( m m )  Lis m/s 
0 :00 2 1  1 50 1 30 5 .44 0 .3 1 
1 :00 2 1  1 50 1 30 5 . 38  0 . 3  
2 : 00 2 1  1 50 1 30 5 . 27  0 . 3  
3 :00 2 1  1 50 1 30 5 . 33  0 . 3  
4 :00 2 1  1 50 1 30 5 . 38  0 . 3  
5 :00 2 1  1 50 1 30 6 .00 0 .34 
6 : 00 2 1  1 50 1 30 5 . 88  0 .33 
7 : 00 2 1  1 50 1 30 5 . 77  0.33 
8 : 00 2 1  ! 50 1 30 5 . 88  0 .33 
9 :00 2 1  1 50 1 30 5 . 83 0 .33 
1 0 :00 2 1  1 50 1 30 5 . 77  0.33 
I I  :00 2 1  1 50 1 30 5 . 83 0 .33 
1 2 :00 2 1  1 50 1 30 5 . 77  0.33 
1 3 : 00 2 1  1 50 1 30 5 . 77  0 .33 
1 4 :00 2 1  1 50 1 30 5 . 72 0 .32 
1 5 :00 2 1  1 50 1 30 5 . 77  0.33 
1 6 : 00 2 1  1 50 1 30 5 . 88  0 .33 
1 7 :00 2 1  1 50 1 30 5 . 1 1  0 .29 
1 8 : 00 2 1  I SO 1 30 5 . 1 6  0 .29 
1 9 : 00 2 1  I SO 1 30 4 .89 0 .28 
20:00 2 1  I SO 1 30 S .27  0 .3  
2 1 :00 2 1  I SO 1 30 S .33 0 .3 I 
22 :00 2 1  1 50 1 30 5 . 38  0 . 3  
23 :00 2 1  1 50 1 30 5 .44 0 .3 1 
24:00 2 1  1 50 1 30 .. �- 0.3 1 ·- - -




( m )  ( m m )  
0 : 00 1 05 .97 1 50 1 30 
1 :00 1 0S .97 1 50 1 30 
2 :00 1 05 .97 1 50 1 30 
3 : 00 I OS .97 1 50 1 30 
4 : 00 1 05 .97 1 50 1 30 
S : OO 1 05 .97 1 50 1 30 
6 : 00 1 05 .97 1 50 1 30 
7 : 00 1 05 .97 1 50 1 30 
8 : 00 1 05 .97 1 50 1 30 
9 :00 1 05 .97 1 50 1 30 
1 0 : 00 1 05 .97 1 50 1 30 
I I  : 00 1 05 .97 1 50 1 30 
1 2 : 00 I 05 .97 1 50 1 30 
1 3 : 00 1 05 .97 1 50 1 30 
1 4 : 00 1 05 .97 ! 50 1 30 
1 5 :00 1 05 .97 1 50 1 30 
1 6: 00 1 05 .97 1 50 1 30 
1 7 :00 I OS .97 1 50 I 30  
1 8 : 00 1 05 .97 1 50 1 30 
1 9 :00 1 05 .97 I SO 1 30 
20 :00 I 05 .97 I SO 1 30 
2 1 : 00 I 05 .97 1 50 1 30 
22 :00 1 05 .97 1 50 1 30 
23 :00 I 05 .97 1 50 1 30 





8 . 1 9  
8 .27  
8 .36  
9.3 1 
9. 1 3  
8 .96 






8 . 87  
8.96 
9. 1 3  
7.93 
8 .0 1 
7 .58  













O .S3  
0 .52  
0 . 5 1 
0 .52  
0 .5 1 
0 .5 1 
0 .5 1 
0 .5 1 
0 . 5 1 
0 . 50  














F low Velocity 
( m )  ( m m )  Lis m/s 
0 : 00 3 50 .93 1 50 1 30 0 .38  0 .02 
I :00 3 50.93 1 50 1 30 0 .38  0 .02 
2 : 00 3 50 .93 1 50 1 30 0 . 37  0.02 
3 :00 3 50 .93 1 50 1 30 0 .38  0 .02 
4 : 00 3 50 .93 1 50 1 30 0 .38  0 .02 
5 :00 3 50 .93 1 50 1 30 0.42 0.02 
6 : 00 350 .93 1 50 1 30 0.42 0.02 
7 : 00 3 50 .93 1 50 1 30 0.4 1 0 .02 
8 : 00 350 .93 1 50 1 30 0 .42 0 .02 
9 : 00 3 50 .93 1 50 1 30 0.4 1 0 .02 
1 0 :00 350 .93 1 50 1 30 0.4 1 0 .02 
I 1 : 00 350 .93 1 50 1 30 0.4 1 0 .02 
1 2 :00 350 .93 1 50 1 30 0 .4 1 0 .02 
1 3 :00 350 .93 1 50 1 30 0.4 1 0 .02 
1 4 :00 350 .93 1 50 1 30 0.40 0.02 
1 5 :00 350 .93 1 50 1 30 0.4 1 0 .02 
1 6 : 00 350 .93 1 50 1 30 0.42 0.02 
1 7 : 00 350 .93 1 50 1 30 0 .36 0.02 
1 8 : 00 350 .93 1 50 1 30 0 .36 0 .02 
1 9: 00 350 .93 1 50 1 30 0 .34 0 .02 
20 :00 350 .93 1 50 1 30 0 .37 0 .02 
2 1 :00 350 .93 1 50 1 30 0 .38  0 .02 
22 :00 350 .93 1 50 1 30 0 .38 0 .02 
23 : 00 350 .93 1 50 1 30 0 .38  0 .02 
24 : 00 350.93 1 50 1 30 0 .38  0 .02 
-




( m )  (mm)  
0 :00 25 .67 1 50 1 30 
I :00 25 .67 1 50 1 30 
2 : 00 25 .67 1 50 1 30 
3 : 00 25 .67 1 50 1 30 
4 : 00 25 .67 1 50 1 30 
5 : 00 25 .67 1 50 1 30 
6 : 00 25 .67 1 50 1 30 
7 : 00 25 .67 1 50 1 30 
8 : 00 25 .67 1 50 1 30 
9 :00 25 .67 1 50 1 30 
1 0 : 00 25 .67 1 50 1 30 
I I  : 00 25 .67 1 50 1 30 
1 2 : 00 25 .67 1 50 1 30 
1 3 : 00 25 .67 1 50 1 30 
1 4 :00 25 .67 1 50 1 30 
1 5 : 00 25 .67 1 50 1 30 
1 6 :00 25 .67 1 50 1 30 
1 7 : 00 25 .67 1 50 1 30 
1 8 : 00 25 .67 1 50 1 30 
1 9: 00 25 .67 1 50 1 30 
20 :00 25 .67 1 50 1 30 
2 1 : 00 25 .67 1 50 1 30 
22 :00 25 .67 1 50 1 30 
23 :00 25 .67 1 50 1 30 
24 : 00 25 .67 1 50 1 30 
F low 
Lis 
0 .38  
0 .38  
0 .37  
0 .38  
0 .38  
0 .42 
0 .42 
0 .4 1 
0 .42 
0 .4 1 
0 .4 1 
0 .4 1 
0 .4 1 
0 .4 1 
0 .40 





0 .37  
0 .38  
0 .38 
0 .38  
0 .38  
Ve loc i t) 




























2 1 ). P ipe P-2 1 Time Se ries deta i ls 
Time 
Length D iameter 
Roughness 
F low Ve loc i ty 
( m )  ( m m )  Lis m/s 
0 :00 1 05 .97 1 50 1 30 2 . 1 2  0 . 1 2  
I : 00 1 05 .97 1 50 1 30 2 . 1 0 . 1 2  
2 :00 1 05 .97 1 50 1 30 2 .05 0 . 1 2  
3 :00 1 05 .97 1 50 1 30 2 .07 0 . 1 2  
4 :00 1 05 .97 1 50 1 30 2 . 1 0  0 . 1 2  
5 : 00 1 05 .97 1 50 1 30 2 .33  0 . 1 3  
6 :00 1 05 .97 1 50 1 30 2 .29 0 . 1 3  
7 :00 1 05 .97 1 50 1 30 2 .25  0 . 1 3  
8 : 00 1 05 .97 1 50 1 30 2 .29 0 . 1 3  
9 :00 1 05 .97 1 50 1 30 2 .27  0 . 1 3  
1 0 :00 1 05 .97 1 50 1 30 2 .25  0 . 1 3  
1 1 : 00 1 05 .97 1 50 1 30 2 .27  0 . 1 3  
1 2 :00 1 05 .97 1 50 1 30 2 .25  0 . 1 3  
1 3 : 00 1 05 .97 1 50 1 30 2 .25  0 . 1 3  
1 4 : 00 1 05 .97 1 50 1 30 2 .23 0 . 1 3  
1 5 : 00 1 05 .97 1 50 1 30 2 .25  0 . 1 3  
1 6 : 00 1 05 .97 1 50 1 30 2 .29 0 . 1 3  
1 7 :00 1 05 .97 1 50 1 30 1 .99 0 . 1 1  
1 8 :00 1 05 .97 1 50 1 30 2 .0 1 0 . 1 1  
1 9 :00 1 05 .97 1 50 1 30 1 .90 0 . 1 1  
20 :00 1 05 .97 1 50 1 30 2 .05 0 . 1 2  I 
2 1 :00 1 05 .97 1 50 1 30 2 .07 0 . 1 2  
22 :00 1 05 .97 1 50 1 30 2 . 1 0  0 . 1 2  
23 : 00 1 05 .97 1 50 1 30 2 . 1 2  0 . 1 2  
24:00 1 05 .97 1 50 1 30 2 . 1 2  0 . 1 2  
---
22) .  P ipe P-22 Time Se ries deta i ls  
Time 
Length D iameter 
Roughness 
( m )  ( m m )  
0 :00 2 1  1 50 1 30 
I :00 2 1  1 50 1 30 
2 :00 2 1  1 50 1 30 
3 : 00 2 1  1 50 1 30 
4 : 00 2 1  1 50 1 30 
5 :00 2 1  1 50 1 30 
6 :00 2 1  1 50 1 30 
7 :00 2 1  1 50 1 30 
8 :00 2 1  1 50 1 30 
9 :00 2 1  1 50 1 30 
1 0 :00 2 1  I SO 1 30 
1 1 : 00 2 1  1 50 1 30 
1 2 :00 2 1  1 50 1 30 
1 3 : 00 2 1  1 50 1 30 
1 4 :00 2 1  1 50 1 30 
1 5 : 00 2 1  1 50 1 30 
1 6 : 00 2 1  1 50 1 30 
1 7 : 00 2 1  1 50 1 30 
1 8 :00 2 1  1 50 1 30 
1 9 :00 2 1  1 50 1 30 
20:00 2 1  1 50 1 30 
2 1 : 00 2 1  1 50 1 30 
22 :00 2 1  1 50 1 30 
23 :00 2 1  1 50 1 30 
24:00 2 1  1 50 1 30 
F lov\ 
Lis 
-+ . 88  
-+ . 83 
-+ .73 
4 . 78 
4 .83 
5 . 3 7  
5 . 2 7  
5 . 1 7  
5 .27  
5 .22 
5 . 1 7  
5 .22 
5 . 1 7  
5 . 1 7  
5 . 1 2  
5 . 1 7  
5 .27  
4 . 58  
4 .63 
4 .38  
-+ . 73 
4 . 78 
4 .83 
4 .88  
4 .88  
Ve loc i t) 




























23). P ipe P-23 Time Se ries deta i ls  
Time 
Length D iameter 
Roughness 
F low Ve loc i ty 
( m )  ( m m )  Lis m/s 
0 : 00 1 05 .97 1 50 1 30 7 . 85 0 .44 
I :00 1 05 .97 1 50 1 30 7 .77 0 .44 
2 : 00 1 05 .97 1 50 1 30 7 .6 1 0 .43 
3 : 00 1 05 .97 1 50 1 30 7 .69 0 .43 
4 :00 1 05 .97 1 50 1 30 7 . 77 0 .44 
5 : 00 1 05 .97  1 50 1 30 8 .65 0.49 
6 :00 1 05 .97 1 50 1 30 8 .49 0 .48 
7 :00 1 05 .97 1 50 1 30 8 .33  0 .47  
8 : 00 1 05 .97 1 50 1 30 8 .49 0 .48 
9 :00 1 05 .97 1 50 1 30 8 .4 1 0 .48 
1 0 :00 1 05 .97 1 50 1 30 8 .33 0 .47 
1 1 : 00 1 05 .97 1 50 1 30 8 .4 1 0 .48 
1 2 :00 1 05 .97 1 50 1 30 8 .33  0 .47 
1 3 : 00 1 05 .97 1 50 1 30 8 .33 0 .47 
1 4 :00 1 05 .97 1 50 1 30 8 .25 0 .47 
1 5 :00 1 05 .97 1 50 1 30 8 .33 0 .47 
1 6 : 00 1 05 .97 1 50 1 30 8 .49 0 .48 
1 7 : 00 1 05 .97 1 50 1 30 7 .37 0 .42 
1 8 : 00 1 05 .97 1 50 1 30 7 .45 0.42 
1 9 :00 1 05 .97  1 50 1 30 7.04 0 .40 
20:00 1 05 . 97 1 50 1 30 7 .6 1 0 .43 
2 1 :00 1 05 .97 1 50 1 30 7 .69 0 .43 i 
22 :00 1 05 .97 1 50 1 30 7 .77 0.44 
23 :00 1 05 .97 1 50 1 30 7 .85  0.44 
24 :00 1 05 .97 1 50 1 30 7 .85  0 .44 
--·- -
24). P ipe P-24 Time Se ries deta i ls 
Time 
Length D iameter 
Roughness 
( m )  ( m m )  
0 :00 344.945 1 50 1 30 
I :00 344.945 I SO 1 30 
2 : 00 344.945 1 50 1 30 
3 :00 344.945 1 50 1 30 
4 :00 344.945 I SO 1 30 
5 : 00 344.94S 1 50 1 30 
6 : 00 344.945 1 50 1 30 
7 :00 344.945 1 50 1 30 
8 : 00 344.945 1 50 1 30 
9 :00 344.945 1 50 1 30 
1 0 :00 344.945 1 50 1 30 
I I  : 00 344.945 I SO 1 30 
1 2 :00 344.945 1 50 1 30 
1 3 : 00 344.945 1 50 1 30 
1 4 :00 344.945 1 50 1 30 
1 5 : 00 344.945 I SO 1 30 
1 6 : 00 344.945 1 50 1 30 
1 7 : 00 344.945 1 50 1 30 
1 8 :00 344.945 1 50 1 30 
1 9 : 00 344.945 1 50 1 30 
20:00 344.945 1 50 1 30 
2 1 :00 344.945 1 50 1 30 
22 :00 344.945 1 50 1 30 
23 :00 344.945 1 50 1 30 









3 . 1 9  
3 . 1 3  
3 . 1 9  
3 . 1 6  
3 . 1 3  
3 . 1 6  
3 . 1 3  
3 . 1 3  
3 . 1 0  
3 . 1 3  









Yeloc i l) 
rn\ 
0. 1 7  
--
00 -....) 
0. 1 7  
0 . 1 6  
-
0. 1 6  
0 . 1 7  
0. 1 8  
0. 1 8  
0 1 8  
0. 1 8  
0 . 1 8  
0 . 1 8  
0 . 1 8  
0 . 1 8  
0 . 1 8  
0 . 1 8  
0 . 1 8  
0 . 1 8  
0 . 1 6  
0 . 1 6  
0 . 1 5  
0 . 1 6  
0. 1 6  
0 . 1 7  
0 . 1 7  
0 . 1 7  
25) .  Pipe P-25 Time Se.-ics deta i ls  
Time 
Length D iarneler 
Roughness 
F l ow Ve loc i ty 
( 111 ) ( 111 111 ) Us m/s 
0 :00 1 05 . 2  1 50 1 30 2 .95 0 . 1 7  
I : 00  1 05 . 2  1 50 1 30 2 .92 0 . 1 7  
2 : 00 1 05 . 2  1 50 1 30 2 .86 0 . 1 6  
3 : 00 1 05 .2 1 50 1 30 2 . 89 0 . 1 6  
4 :00 1 05 .2  1 50 1 30 2 .92 0 . 1 7  
5 : 00 1 05 . 2  1 50 1 30 3 .25  0 . 1 8  I 
6 :00 1 05 .2 1 50 1 30 3 . 1 9  0 . 1 8  
7 : 00 1 05 .2 1 50 1 30 3 . 1 3  0 . 1 8  
8 : 00 1 05 .2  1 50 1 30 3 . 1 9  0 . 1 8  
9 :00 1 05 .2 1 50 1 30 3 . 1 6  0 . 1 8  
1 0 :00 1 05 .2  1 50 1 30 3 . 1 3  0 . 1 8  
1 1 : 00 1 05 .2 1 50 1 30 3 . 1 6  0 . 1 8  
1 2 : 00 1 05 . 2  1 50 1 30 3 . 1 3  0. 1 8  
1 3 : 00 1 05 . 2  1 50 1 30 3 . 1 3  0. 1 8  
1 4 :00 1 05 . 2  1 50 1 30 3 . 1 0  0 . 1 8  
1 5 :00 1 05 . 2  1 50 1 30 3 . 1 3  0 . 1 8  
1 6 :00 1 05 . 2  1 50 1 30 3 . 1 9  0 . 1 8  
1 7 :00 1 05 .2 1 50 1 30 2 .77 0 . 1 6  
1 8 :00 1 05 . 2  1 50 1 30 2 .80 0 . 1 6  
1 9 : 00 1 05 . 2  1 50 1 30 2 .65 0 . 1 5  
20:00 1 05 . 2  I 50  1 30 2 . 86 0 . 1 6  
2 1 :00 1 05 . 2  1 50 1 30 2 .89 0 . 1 6  
22 :00 1 05 . 2  1 50 1 30 2 .92 0 . 1 7  
23 :00 1 05 . 2  1 50 1 30 2 .95 0 . 1 7  
24 :00 1 05 . 2  1 50 1 30 2.95 0 . 1 7  
26).  P ipe P-26 Time Series deta i ls 
Time 
Length Diameter 
Roughness ( 111 ) ( m m )  
0 : 00 354 .9 1 1 50 1 30 
I : 00 354 .9 I 1 50 1 30 
2 :00 354 .9 1 1 50 1 30 
3 : 00 354 .9 1 I 50 1 30 
4 :00 354 .9 I 1 50 I 30 
5 : 00 354 .9 1 1 50 1 30 
6 :00 354 .9 1 1 50 1 30 
7 :00 354 .9 1 1 50 1 30 
8 : 00 354 .9 I I 50 1 30 
9 :00 354 .9 1 1 50 1 30 
1 0 :00 354 .9 1 1 50 I 30 
1 I : 00 354 .9 I I 50  I 30 
1 2 :00 354 .9 1 I 50 1 30 
1 3 : 00 354 .9 I 1 50 1 30 
1 4 :00 354 .9 1 I 50 1 30 
1 5 :00 354 .9 1 1 50 1 30 
1 6 :00 354.9 I 1 50 1 30 
1 7 :00 354 .9 1 1 50 1 30 
I 8 :00 354 .9 1 1 50 1 30 
I 9 :00 354 .9 1 1 50 1 30 
20:00 354 .9 I 1 50 1 30 
2 1 :00 354 .9 1 1 50 1 30 
22 :00 354 .9 1 1 50 1 30 
23 :00 354 .9 1 1 50 1 30 









3 . 25 
3. 1 9  
3 . 1 3  
3 . 1 9  
3 . 1 6  
3 . 1 3  
3 . 1 6  
3 .  I 3  
3 . 1 3  
3 . 1 0  
3 . 1 3  









Ve loc i t_y 
m s  
00 00 
0. 1 7  
0 . 1 7  
0. 1 6  
0 . 1 6  
0 . 1 7  
-
0. 1 8  
0. 1 8  
0. 1 8  
0 1 8  
0 . 1 8  
0 . 1 8  
0 . 1 8  
0 . 1 8  
0 . 1 8  
0 . 1 8  
0 . 1 8  
0 . 1 8  
0 .  I 6  
0 .  I 6  
0. 1 5  
0 . 1 6  
0 .  I 6  
0 .  I 7 
0. 1 7  
0 . 1 7  
27) .  P ipe P-27 Ti m e  Se ries t. lcta i ls 
Time 
Length D iameter 
Roughness 
F low Veloc i ty 
( m )  ( m m )  Lis m/s 
0 :00 1 05 .97 1 50 1 30 1 .3 5  0 .08 
I :00  1 05 .97 1 50 1 30 1 . 34  0 .08  
2 : 00 1 05 .97 1 50 1 30 1 .3 I 0 .07 
3 : 00 1 05 .97 1 50 1 30 1 . 33 0 .08 
4 :00 1 05 .97 1 50 1 30 1 . 34 0.08 
5 : 00 1 05 .97 1 50 1 30 1 .49 0 .08 
6 : 00 1 05 .97 1 50 1 30 1 .47 0 .08 
7 :00 1 05 .97 1 50 1 30 1 .44 0 .08 
8 : 00 1 05 .97 1 50 1 30 1 .47 0 .08 
9 :00 1 05 .97 1 50 1 30 1 .45 0 .08  
1 0 : 00 1 05 . 97 1 50 1 30 1 .44 0 .08 
1 1 : 00 1 05 .97 1 50 1 30 1 .45 0 .08 
1 2 :00 1 05 .97 1 50 1 30 1 .44 0 .08 
1 3 : 00 1 05 .97 1 50 1 30 1 .44 0 .08 
1 4 : 00 1 05 .97 1 50 1 30 1 .42 0 .08 . 
1 5 : 00 1 05 .97 1 50 1 30 1 .44 0 .08 
1 6 : 00 1 05 .97 1 50 1 30 1 .47 0 .08 
1 7 : 00 1 05 .97 1 50 1 30 1 .27  0 .07  
1 8 : 00 1 05 .97 1 50 1 30 1 .29 0.07 
1 9 : 00 1 05 .97 1 50 1 30 1 .22 0 .07 I 
20 :00 1 05 .97 1 50 1 30 1 .3 1  0 .07 
2 1 :00 1 05 .97 1 50 1 30 1 . 33 0 .08 
22 :00 1 05 .97 1 50 1 30 1 . 34 0 .08 
23 :00 1 05 .97 1 50 1 30 1 .3 5  0 .08 
24:00 1 05 .97 1 50 1 30 1 . 3 5  0 .08 




( m )  ( m m )  
0 : 00 2 1  1 50 1 30 
I : 00 2 1  1 50 1 30 
2 :00 2 1  1 50 1 30 
3 : 00 2 1  1 50 1 30 
4 : 00 2 1  1 50 1 30 
5 : 00 2 1  1 50 1 30 
6 :00 2 1  1 50 1 30 
7 :00 2 1  I 50  1 30 
8 :00 2 1  I 50 1 30 
9 :00 2 1  I 50  1 30 
1 0 : 00 2 1  I SO 1 30 
I I  :00 2 1  1 50 1 30 
1 2 : 00 2 1  1 50 1 30 
1 3 : 00 2 1  I SO 1 30 
1 4 : 00 2 1  1 50 1 30 
1 5 : 00 2 1  1 50 1 30 
1 6 : 00 2 1  I SO 1 30 
1 7 :00 2 1  I 50  1 30 
1 8 : 00 2 1  I SO 1 30 
1 9 :00 2 1  I SO 1 30 
20 :00 2 1  I 50  1 30 
2 1 :00 2 1  1 50 1 30 
22 :00 2 1  1 50 1 30 
23 :00 2 1  1 50 1 30 
24:00 2 1  1 50 1 30 
F lo\\ 
Lis 
1 . 1 3 
1 . 1 2 
1 . 1 0  
I .  I I 
1 . 1 2  
1 .25 
1 .22 
1 .20  
1 .22 
1 .2 1  
1 .20 
1 .2 1  
1 .20 
1 . 20 






1 . 1 0  
1 . 1 1 
1 . 1 2 
I .  1 3  
1 . 1 3 
































F l ow Ve loc ity 
( m )  ( m m )  Lis m/s 
0 : 00 1 05 .97 ! 50 1 30 0 .69 0 .04 
I : 00 1 05 .97 1 50 1 30 0 .69 0 .04 
2 : 00 1 05 .97 1 50 1 30 0 .67 0 .04 
3 : 00 1 05 .97 1 50 1 30 0 .68 0 .04 
4 :00 1 05 .97 1 50 1 30 0 .69 0 .04 
5 :00 1 05 .97 1 50 1 30 0 .76 0 .04 
6 : 00 1 05 .97 1 50 1 30 0 . 75 0 .04 
7 : 00 1 05 .97 1 50 1 30 0 . 74 0 .04 
8 : 00 1 05 .97 1 50 1 30 0 . 75 0 .04 
9 : 00 1 05 .97 1 50 1 30 0 . 74 0 .04 
1 0 : 00 1 05 .97 1 50 1 30 0 .74 0 .04 
1 1 : 00 1 05 .97 1 50 1 30 0 . 74 0 .04 
1 2 :00 1 05 . 97 1 50 1 30 0 . 74 0 .04 
1 3 :00 1 05 .97 1 50 1 30 0 . 74 0 .04 
1 4 :00 1 05 .97 1 50 1 30 0 . 73 0 .04 
1 5 : 00 1 05 .97 1 50 1 30 0 . 74 0 .04 
1 6 :00 1 05 .97 1 50 1 30 0 . 75 0 .04 
1 7 : 00 1 05 .97 1 50 1 30 0 .65 0.04 
1 8 : 00 1 05 .97 1 50 1 30 0 .66 0 .04 
1 9 : 00 1 05 .97 1 50 1 30 0 .62 0 .04 
20 :00 1 05 .97 1 50 1 30 0 .67 0.04 
2 1 : 00 1 05 .97 1 50 1 30 0 .68 0 .04 
22 :00 1 05 .97 1 50 1 30 0 .69 0 .04 
23 :00 1 05 .97 1 50 1 30 0 .69 0 .04 
24:00 1 05 .97 1 50 1 30 0 .69 0 .04 
---- - -
30). Pipe P-30 Time Se ries deta i ls 
Time 
Length D iameter 
Roughness 
( m )  (mm)  
0 : 00 763 .848 1 50 1 30 
I : 00 763 . 848 1 50 1 30 
2 : 00 763 .848 1 50 1 30 
3 :00 763 . 848 1 50 1 30 
4 :00 763 .848  1 50 1 30 
5 : 00 763 . 848 1 50 1 30 
6 : 00 763 . 848 1 50 1 30 
7 :00 763 . 848  1 50 1 30 
8 : 00 763 . 848 1 50 1 30 
9 :00 763 . 848 1 50 1 30 
1 0 : 00 763 . 848 1 50 1 30 
I I  : 00 763 .848 1 50 1 30 
1 2 : 00 763 . 848 1 50 1 30 
1 3 : 00 763 . 848 1 50 1 30 
1 4 : 00 763 . 848 1 50 1 30 
1 5 : 00 763 . 848 1 50 1 30 
1 6 :00 763 .848 1 50 1 30 
1 7 : 00 763 . 848 1 50 1 30 
1 8 :00 763 . 848 1 50 1 30 
1 9 : 00 763 . 848 1 50 1 30 
20 :00 763 .848 1 50 1 30 
2 1 : 00 763 . 848 1 50 1 30 
22 :00 763 . 848 1 50 1 30 
23 :00 763 . 848 1 50 1 30 
24:00 763 .848 1 50 1 30 
FlO\\ 
Lis 
1 .3 7  
I . 36  
1 .33 
1 .34 
1 .36  




1 .47  
1 .46 
1 .47  
1 .46 
1 .46 








1 .36  
I . 37  
1 .37  
Ve loc it) 





























3 1 ). Pipe P-3 1 Ti m e  Series deta i ls 32) .  P ipe P-32 Time Se ries detai ls  
Time 
Length D iameter 
Roughness 
F low Veloc i ty 




F low Ve loc i ty 
( m )  (mm)  Lis m/s 
0 : 00 763 .848 1 50 1 30 1 . 1 6  0 .07 0 :00 763 . 8 1 1 50 1 30 0 .90 0 .05 
1 : 00 763 . 848  1 50 1 30 1 . 1 5  0.06 1 : 00 763 . 8 1 1 50 1 30 0.90 0 .05 
2 : 00 763 . 848  1 50 1 30 1 . 1 2 0 .06 2 : 00 763 . 8 1 1 50 1 30 0 .88  0 .05  
3 : 00 763 .848 1 50 1 30 1 . 1 4  0 .06 3 : 00 763 . 8 1 1 50 1 30 0 .89 0 .05 
4 :00 763 .848  1 50 1 30 1 . 1 5  0 .06 4:00 763 . 8 1 1 50 1 30 0.90 0 .05 
5 : 00 763 .848  1 50 1 30 1 .28  0 .07 5 : 00 763 . 8 1 1 50 1 30 1 .00 0 .06 
6 :00 763 .848  1 50 1 30 1 .25 0 .07  6 : 00 763 . 8 1 1 50 1 30 0.98 0 .06 
7 :00 763 .848  1 50 1 30 1 .23 0 .07 7 :00 763 . 8 1 ! 50 1 30 0.96 0 .05 
8 : 00 763 . 848  1 50 1 30 1 .25 0 .07 8 :00 763 . 8 1 1 50 1 30 0.98 0 .06 
9 :00 763 . 848 1 50 1 30 1 .24 0 .07 9 :00 763 . 8 1 1 50 1 30 0 .97 0.05 
1 0 :00 763 . 848 1 50 1 30 1 .23 0 .07 1 0 :00 763 . 8 1 1 50 1 30 0 .96 0 .05 
1 1 : 00 763 . 848 1 50 1 30 1 .24 0 .07 1 1 : 00 763 . 8 1 1 50 1 30 0 .97 0 .05 
1 2 : 00 763 .848 1 50 1 30 1 .23 0 .07 1 2 :00 763 . 8 1 1 50 1 30 0.96 0.05 
1 3 : 00 763. 848 1 50 1 30 1 .23 0 .07 1 3 : 00 763 . 8 1 1 50 1 30 0.96 0 .05 
1 4 :00 763 . 848  1 50 1 30 1 .22 0 .07 1 4 :00 763 . 8 1 1 50 1 30 0.95 0.05 
1 5 :00 763 . 848  1 50 1 30 1 .23 0 .07 ' J 5 : 00 763 . 8 1 1 50 1 30 0.96 0.05 
1 6 :00 763 . 848  1 50 1 30 1 .25 0 .07 1 6 :00 763 . 8 1 1 50 1 30 0.98 0 .06 
1 7 : 00 763 . 848  1 50 1 30 1 .09 0.06 1 7 :00 763 . 8 1 1 50 1 30 0 . 85 0 .05 
1 8 : 00 763 . 848  1 50 1 30 1 . 1 0  0 .06 1 8 : 00 763 . 8 1 1 50 1 30 0 . 86 0 .05 
1 9 : 00 763 . 848 1 50 1 30 1 .04 0 .06 1 9 :00 763 . 8 1 1 50 1 30 0 .8 1 0 .05 
20 :00 763 . 848 1 50 1 30 1 . 1 2  0.06 20 :00 763 . 8 1 1 50 1 30 0 .88  0 .05  
2 1 : 00 763 . 848 1 50 1 30 1 . 1 4 0 .06 2 1 :00 763 . 8 1 1 50 1 30 0 . 89 0 .05 
22:00 763 .848 1 50 1 30 1 . 1 5  0 .06 22 :00 763 . 8 1 1 50 1 30 0.90 0.05 
23 : 00 763 . 848 1 50 1 30 1 . 1 6  0 .07 23 :00 763 . 8 1 1 50 1 30 0.90 0.05 
24 : 00 763 .848 1 50 1 30 1 . 1 6  0 .07 24 :00 763 . 8 1 1 50 1 30 0.90 0 .05 -
\0 
Scena rio - 3 
Ta bu la ted P resen ta t ion of  Nodal (J u nct ion)  Time Series 
Res u l ts 
'-0 
1'-.J 
1 ). J u nc t io n - 1 Time Se ries detai ls  
Time ( Hours) Demand ( Lis) *  Head (m)  Pressure ( m )  
0 : 00 0 256 . 1 9  1 4 .66 
l :00 0 256 . 1 9  1 4 .66 
2 :00 0 256 . 1 9  1 4 . 66 
3 :00 0 256 . 1 9  1 4 .66 
4 : 00 0 256 . 1 9  1 4 .66 
5 :00 0 256 . 1 8  1 4 .65 
6 :00 0 256 . 1 8  1 4 .65 
7 : 00 0 256 . 1 8  1 4 .65 
8 : 00 0 256 . 1 8  1 4 .65 
9 :00 0 256 . 1 8  1 4 .65 
1 0 :00 0 256 . 1 8  1 4 .65 
1 1  :00 0 256 . 1 8  1 4 .65 
1 2 :00  0 256 . 1 8  1 4 .65 
1 3 :00 0 256 . 1 8  1 4 .65 
1 4 :00 0 256 . 1 8  1 4 .66 
1 5 :00 0 256 . 1 8  1 4 .65 
1 6 : 00 0 256 . 1 8  1 4 .65 
1 7 : 00 0 256 . 1 9  1 4 .67 
1 8 :00 0 256 . 1 9  1 4 . 66 
1 9 : 00 0 256 . 1 9  1 4 .67 
20:00 0 256 . 1 9  1 4 . 66 
2 1 :00 0 256. 1 9  1 4 .66 
22:00 0 256 . 1 9  1 4 .66 
23 :00 0 256 . 1 9  1 4 . 66 I 
24 :00 :00 0 256 . 1 9  1 4 .66 
*T-Junct ion 
2) .  J u nct ion - 2 Time Series deta i ls  
Time ( I  fours) Demand ( Lis )* Head ( m )  
0 :00 0 256 .03 
I :00 0 256.03 
2 :00 0 256 .04 
3 :00 0 256.03 
4 : 00 0 256.03 
5 :00 0 255 .99 
6 :00 0 255 .99 
7 : 00 0 256.00 
8 :00 0 255 .99 
9 :00 0 256 .00 
1 0 :00 0 256 .00 
I I  :00 0 256.00 
1 2 :00 0 256.00 
1 3 :00 0 256.00 
1 4 :00 0 256.0 1 
1 5 :00 0 256 .00 
1 6 :00 0 255 .99 
1 7 :00 0 256 .05 
1 8 :00 0 256 .05 
1 9 :00 0 256.06 
20:00 0 256 .04 
2 1 :00 0 256 .03 
22 :00 0 256.03 
23:00 0 256.03 
24 :00 :00 0 256 .03 
*Reducer 200mmx 1 50mm 
Pressure ( m )  
1 3 . 5 1 
1 3 . 5 1 
1 3 . 52  
1 3 . 5 1 
1 3 . 5 1 
1 3 .46 
1 3 .47 
1 3 .48 
1 3 .47 
1 3 .48 
1 3 .48 
1 3 .48  
1 3 .48  
1 3 .48 
1 3 .49 
1 3 .48 
1 3 .47 
1 3 . 53  
1 3 . 52  
1 3 . 54 
1 3 .52  
1 3 . 5 1 
1 3 . 5 1 
1 3 . 5 1 
1 3 . 5 1 
-.o UJ 
3).  J u n ct ion  - 3 Time Se ries deta i ls  
Time ( H ours) Demand ( Lis) I l ead ( m )  Pressure ( m )  
0 :00 "1 . 5 2  256 .02 1 3 .48 
I :00 1 . 5 0  256 .02 1 3 .49 
2 :00 1 .47 256 .03 1 3 . 5  
3 :00 1 .49 256.03 I 3 .49 
4 :00  1 . 5 0  256 .02 I 3 .49 
5 :00 1 .67 255 .98 I 3 .44 
6 :00 1 . 64 255 .98 1 3 .45 
7 :00 1 .6 1  255 .99 1 3 .46 
8 : 00 1 .64 255 .98 1 3 .45 
9 : 00 1 .63 255 .99 I 3 .46 
1 0 :00 1 .6 1  255 .99 1 3 .46 
1 1 : 00 1 .63 255 .99 1 3 .46 
1 2 :00 1 .6 I 255 .99 1 3 .46 
1 3 :00 1 .6 1  255 .99 1 3 .46 
1 4 :00 1 .60 256 .00 1 3 .46 
1 5 :00 1 .6 1  255 .99 1 3 .46 
1 6 :00 1 .64 255 .98 1 3 .45 
1 7 :00 1 .43 256 .04 1 3 . 5 1 
1 8 :00 1 .44 256 .04 1 3 . 5  
1 9 :00 1 .36  256 .06 1 3 . 52  
20:00 1 .47 256 .03 1 3 . 5  
2 1 :00 1 .49 256.03 1 3 .49 
22 :00 1 . 50  256 .02 1 3 .49 
23 :00 1 . 52 256.02 1 3 .48 
24 :00 :00 1 . 52 256 .02 1 3 .48 I 
4).  J u nct ion - 4 Time Se ries deta i ls 
Time ( I lours )  Demand ( Lis )*  l lead ( m )  
0 :00 0 255 .92 
1 : 00 0 255 .92 
2 : 00 0 255 .94 
3 : 00 0 255 .93 
4 :00 0 255 .92 
5 :00 0 255 .86 
6 :00 0 255 .87 
7 :00 0 255 . 88  
8 :00 0 255 .87  
9 :00 0 255 .88  
1 0 :00 0 255 .88  
1 1 : 00 0 255 .88  
1 2 :00 0 255 .88  
1 3 :00 0 255 .88  
1 4 :00 0 255 . 89 
1 5 :00 0 255 .88  
1 6 :00 0 255 . 87  
1 7 :00 0 255 .95 
1 8 :00 0 255 .95 
1 9 :00 0 255 .98 
20:00 0 255 .94 
2 1 :00 0 255 .93 
22:00 0 255 .92 
23 :00 0 255 .92 
24:00:00 0 255 .92 
* E l bow 
Pressure ( m )  
1 2 .46 
1 2 .47 
1 2 .48 
1 2 .47 
1 2 .47 
1 2 .40 
1 2 . 4 1 
1 2 . 42 
1 2 .4 1 
1 2 .42 
1 2 .42 
1 2 .42 
1 2 .42 
1 2 .42 
1 2 .43 
1 2 .42 
1 2 .4 1  
1 2 .49 
1 2 .49 
1 2 .52 
1 2 .48 
1 2 .47 
1 2 .47 
1 2 .46 
1 2 .46 
·-.o 
.4 
5).  J u nc t ion - 5 Time Series de ta i ls 
Time ( Hours )  Demand ( Lis ) *  Head ( m )  Pressure ( m )  
0 :00 0 255 .89 1 2 . 1 4  
1 :00 0 255 .9  1 2 . 1 4 
2 : 00 0 255 .9 1 1 2 . 1 6  
3 : 00 0 255 .90 1 2 . 1 5  
4 : 00 0 255 .90 1 2 . 1 4 
5 : 00 0 255 . 82  1 2 .07 1 
6 :00 0 255 .84 1 2 .08 
7 : 00 0 255 . 85  1 2 . 1 0 
8 :00 0 255 .84 1 2 .08 
9 :00 0 255 . 84 1 2 . 09 
1 0 :00  0 255 .85  1 2 . 1 0  
1 I :00  0 255 . 84 1 2 .09 
1 2 :00 0 2 5 5 . 85 1 2 . 1 0  
1 3 : 00 0 255 .85  1 2 . 1 0 
1 4 :00 0 255 .86 1 2 . 1 1 
1 5 : 00 0 255 . 85  1 2 . 1 0  
1 6 :00 0 255 .84 1 2 .08 
1 7 :00 0 255 .93 1 2 . 1 8  
1 8 :00 0 255 .92 1 2 . 1 7  
1 9 :00 0 255 .95 1 2 .20 
20:00 0 255 .9 1 1 2 . 1 6  
2 1 :00 0 255 .90 1 2 . 1 5 
22 :00 0 255 .90 1 2 . 1 4  
23 :00 0 255 . 89 1 2 . 1 4  
24 :00 :00 0 255 . 89 1 2 . 1 4  
* El bow 
6). J u nc t ion - 6 Time Se ries deta i ls  
-
Time ( f-l ours)  Demand ( Lis) Head ( m )  
0 :00 1 . 52  2 5 5 .98 
I :00 1 . 50  255 .99 
2 :00 1 .47 255 .99 
3 :00 1 .49 255 .99 
4 :00 1 .50  255 .99 
5 :00 1 .67 255 .93 
6 :00 1 .64 255 .94 
7 :00 1 . 6 1  255 .95 
8 : 00 1 .64 255 .94 
9 :00 1 . 63 255 .95 
1 0 :00 1 .6 1  255 .95 
I I  :00 1 .63 255 .95 
1 2 :00 1 .6 1  255 .95 
1 3 :00 1 .6 1  255 .95 
1 4 :00 1 .60 255 .96 
1 5 :00 1 .6 1  255 .95 
1 6 :00 1 .64 255 .94 
1 7 :00 1 .43 256 .0 1 
1 8 :00 1 .44 256.00 
1 9 :00 1 .36  256 .03 
20:00 1 .47 255 .99 
2 1 :00 1 .49 255 .99 
22:00 1 . 50  255 .99 
23 :00 1 . 52 255 .98 
24:00:00 1 .52 255 .98 
---
Pressure ( m )  
1 5 . 1 4  
1 5 . 1 4  
1 5 . 1 5  
1 5 . 1 4  
1 5 . 1 4  
1 5 . 09 
1 5 . 1 0  
I 5 . 1 1  
1 5 . 1 0 
1 5 . 1 0  
1 5 . 1 1 
1 5 . 1 0  
1 5 . 1 1 
1 5 . 1 1 
1 5 . 1 1 
1 5 . 1 1 
1 5 . 1 0  
1 5 . 1 6 
I 5 . 1 6  
1 5 . 1 8  
I 5 . 1 5  
1 5 . 1 4 
1 5 . 1 4 
1 5 . 1 4  
1 5 . 1 4  
\0 
., 
7).  u nct ion - 7 Time Series deta i ls  
Time ( Hours)  Demand ( Lis)* Head ( m )  Pressure ( m) 
0 : 00 0 255 .98 1 5 . 1 4  
1 :00 0 255 .98 1 5 . 1 5  
2 :00 0 255 .99 1 5 . 1 5  
3 : 00 0 255 .99 1 5 . 1 5  
4 : 00 0 255 .98  1 5 . 1 5  
5 : 00 0 255 .93 1 5 . 09 
6 : 00 0 255 .94 1 5 . 1 0 
7 :00 0 255 .95 1 5 . 1  I 
8 :00 0 255 .94 1 5 . 1 0  
9 : 00 0 255 .95 1 5 . 1 1 
1 0 :00 0 255 .95  1 5 . 1 1 
1 1 :00 0 2 5 5 .95 1 5 . 1 1 
1 2 :00 0 255 .95 1 5 . 1 1 
1 3 : 00 0 255 .95 1 5 . 1 1 
1 4 :00 0 255 .96 1 5 . 1 2  
1 5 : 00 0 255 .95 1 5 . 1 1 
1 6 :00 0 255 .94 1 5 . 1 0  
1 7 :00 0 256 .0 1 1 5 . 1 7  
1 8 :00 0 256 .00 1 5 . I 6 
1 9 :00 0 256.03 1 5 . 1 9  
20 :00 0 255 .99 1 5 . 1 5  
2 1 :00 0 255 .99 1 5 . 1 5  
22 :00 0 255 .98 1 5 . 1 5  
23 : 00 0 255 .98 1 5 . 1 4  
24 :00 :00 0 255 .98 1 5 . 1 4  
*Reducer 200mmx 1 50mm 
8).  J u nc t ion - 8 Time Se ries detai ls  
Time ( I  fours) Demand ( Lis ) *  l fead ( m )  
0 :00 0 255 .89 
I :00 0 255 .90 
2 :00 0 255 .9 1 
3 :00 0 255 .9 1 
4 :00 0 255 .90 
5 :00 0 255 .83 
6 : 00 0 255 . 84 
7 :00 0 255 .85  
8 :00 0 255 . 84 
9 : 00 0 255 .85  
1 0 :00 0 255 .85  
I I  : 00 0 255 .85  
1 2 :00 0 255 .85  
1 3 : 00 0 255 .85 
1 4 :00 0 255 .86 
1 5 :00 0 255 .85  
1 6 :00 0 255 .84 
1 7 : 00 0 255 .93 
1 8 :00 0 255 .92 
1 9 :00 0 255 .95 
20 :00 0 255 .9 1 
2 1 :00 0 255 .9 1 
22 :00 0 255 .90 
23 :00 0 255 .89 
24:00:00 0 255 .89 
* E lbow 
Pressure ( m )  
1 6 .63 
1 6 .64 
1 6 .65 
1 6 .64 
1 6 .64 
1 6 . 57  
1 6 . 58  
1 6 .59 
1 6 . 58  
1 6 .59 
1 6 .59 
1 6 .59 
1 6 .59 
1 6. 59  
1 6 . 60 
1 6.59 
1 6 . 58  
1 6 .67 
1 6 . 66 
1 6 .69 
1 6 .65 
1 6 .64 
1 6 .64 
1 6 .63 
1 6 . 63 
\{) 
a-
9). J u nc t io n  - 9 Time Se ries deta i ls  
Time ( Hours )  Demand ( Lis) *  J lead ( m )  Pressure ( m )  
0 : 00 0 255 .87  1 7 . 1 5  
I :00 0 255 .87  1 7. 1 6 
2 :00 0 2 5 5 . 89 1 7 . 1 7  
3 :00 0 255 . 88  1 7 . 1 6  
4 :00 0 255 .87  1 7. 1 6  
5 :00 0 255 . 79 1 7.08 
6 : 00 0 255 . 8 1 1 7. 09 
7 : 00 0 255 .82  1 7 . 1 1 
8 : 00 0 255 .8 1 1 7. 09 
9 : 00 0 255 . 82 1 7 . 1 0  
1 0 :00 0 255 . 82  1 7. 1 1 
1 1 :00 0 2 5 5 . 82 1 7. 1 0  
1 2 :00  0 255 .82  1 7. 1 1 
1 3 : 00 0 2 5 5 .82 1 7 . 1 1 
1 4 :00 0 255 . 83 1 7. 1 2  
1 5 :00 0 255 .82 1 7 . 1 1 
1 6 :00 0 255 . 8 1 1 7 .09 
1 7 :00 0 255 .9 1 1 7. 1 9 
1 8 :00 0 255 .90 1 7 . 1 8  
1 9 :00 0 255 .93 1 7.22 
20:00 0 255 . 89 1 7. 1 7  
2 1 :00 0 255 . 88  1 7 . 1 6  
22:00 0 255 . 87  1 7 . 1 6 . 
23 :00 0 255 . 87  1 7 . 1 5 
24:00:00 0 255 . 87  1 7 . 1 5  
* E lbow 
1 0) .  Ju nct ion - 1 0  Time Se ries deta i ls  
Time ( Hours) Demand ( Lis) T read ( m )  
0 :00 1 . 52 255 .78  
I : 00  1 . 5 0  255 .79 
2 : 00 1 .47 255 .80 
3 : 00 1 .49 255 . 79 
4 :00 1 . 50  255 . 79 
5 :00 1 .67 255 .69 
6 : 00 1 .64 255 . 7 1 
7 :00 1 .6 1  255 . 72 
8 :00 1 .64 255 . 7 1 
9 : 00 1 . 63 255 . 72 
1 0 :00 1 .6 1  255 . 72 
I I  :00 1 .63 255 . 72 
1 2 :00 1 .6 1  255 . 72 
1 3 :00 1 .6 1  255 . 72 
1 4 :00 1 .60 255 . 73 
1 5 : 00 1 .6 1  255 .72 
1 6 :00 1 .64 255 .7 1 
1 7 :00 1 .43 255 . 83 
1 8 :00 1 .44 255 . 82 
1 9 :00 1 .36  255 .86 
20 :00 1 .47  255 . 80 
2 1 :00 1 .49 255 .79 
22 :00 1 .5 0  255 . 79 
23 :00 1 . 52  255 . 78  
24:00:00 1 . 52 255 .78  
Pressure (m)  
1 8 .28 
1 8 .29 
1 8 .3 1 
1 8 .30 
1 8 .29 
1 8 . 1 9  
1 8 .2 1 
1 8 .23 
1 8 .2 1 
1 8 .22 
1 8 .23 
1 8 .22 
1 8 .23 
1 8 .23 
I 8 .24 
I 8 .23 
1 8 .2 1 
1 8 .33 
1 8 .32 
1 8 .36 
1 8 .3 1 
I 8 .30  
1 8 .29 
1 8 .28 
1 8 .28 
\0 -..) 
1 1 ). J u nct ion - J J Time Series deta i ls 
T i me ( Hours )  Demand ( Lis) Head ( m )  Pressure (m)  
0 :00 1 . 52  255 . 77  1 7 .96 
I :00 1 . 5 0  255 .78  1 7.97 
2 : 00 1 .47  255 . 80  1 7 .99 
3 :00 1 .49 255 . 79 1 7.98 
4 :00 1 .5 0  25 5 . 78 1 7.97 
5 :00 1 .67 255 .68 1 7 . 87  
6 : 00 1 .64 255 .70 1 7 .89 
7 : 00 1 .6 1  255 .72 1 7 .9 1 
8 :00 1 .64 255 .70 1 7 .89 
9 : 00 1 .63 255 . 7 1 1 7.90 
1 0 :00 1 .6 1  255 . 72 1 7 .9 1 
1 1 : 00 1 .63 255 . 7 1 1 7 .90 
1 2 :00 1 .6 1  255 . 72 1 7 .9 1 
1 3 :00 1 .6 1  255 . 72 1 7.9 1 
1 4 :00 1 .60 255 . 73 1 7 .92 
1 5 : 00 1 .6 1  255 . 72 1 7 .9 1 
1 6 :00 1 .64 255 .70 1 7.89 
1 7 :00 1 .43 255 . 82 1 8 .0 1 
1 8 : 00 1 .44 255 . 8 1 1 8 . 00 
1 9 :00 1 .36  255 .85  1 8 .04 I 
20 :00 1 .47 255 . 80 1 7.99 
2 1 :00 1 .49 255 . 79 1 7 .98 I 
22 :00 1 . 50  255 .78  1 7 .97 
23 :00 1 .52  255 . 77  1 7 .96 
24:00:00 1 . 52  255 . 77  1 7 .96 
-
1 2 ) .  J u nct ion - 1 2  Time Series de ta i ls 
Time ( Hours) Demand (Lis) l lead ( m )  
0 : 00 1 . 52 255 .77  
1 :00 1 .50  255 .78  
2 :00 1 .47 255 .80  
3 : 00 1 .49 255 . 79 
4 : 00 1 . 50  2 5 5 . 78 
5 :00 1 .67 255 .68 
6 :00 1 .64 2 5 5 . 70 
7 :00 1 .6 1  255 . 72 
8 :00 1 .64 255 . 70 
9 :00 1 .63 255 . 7 1 
1 0 : 00 1 .6 1  255 .72 
I I  :00 1 .63 255 .7 1 
1 2 :00 1 .6 J 255 .72 
1 3 :00 1 .6 1  255 . 72 
1 4 :00 1 .6 255 . 73 
1 5 :00 1 .6 1  255 . 72 
1 6 :00 1 .64 255 .70 
1 7 : 00 1 .43 255 . 82 
1 8 :00 1 .44 255 . 8 1 
1 9 :00 1 .36  255 .85 
20 :00 1 .47 255 .80 
2 1 :00 1 .49 255 . 79 
22:00 1 . 5 255 . 78 
23 :00 1 . 52 255 .77 
24:00:00 1 .52 255 .77  
Pressure ( m )  
1 7.89 
1 7.90 
1 7 .9 1 
1 7 .9 1 
1 7 .90 
1 7.80 
1 7.82 
1 7 .84 
1 7 .82 
1 7. 83 
1 7.84 
1 7 .83 
1 7.84 
1 7. 84 
1 7 .84 
1 7 .84 




1 7.9 1 
1 7.9 1 
1 7 .90 
1 7. 89 
1 7. 89 
'D 00 
1 3). J u nc t ion - 1 3  Time Series detai ls  
Time ( ! l ou rs)  Demand ( Lis) l lead ( m )  Pressure ( m )  
0 : 00 1 . 52  255 .77 1 7 .44 
1 :00 1 . 50  255 .78  1 7 .45 
2 :00 1 .47 255 . 79 1 7 .46 
3 :00 1 . 49 255 .79 1 7 .46 
4 :00 1 . 5 0  255 .78  1 7 .45 
5 :00 1 .67 255 .68 1 7 .35  
6 : 00 1 .64 255 .70 1 7 . 37  
7 : 00 1 .6 1  2 55 . 7 1 1 7 . 38  
8 :00 1 .64 255 .70 1 7. 37  
9 : 00 1 .63 255 .7 1 1 7. 38  
1 0 :00  1 .6 1  2 55 . 7  I 1 7. 38  
1 1 : 00 1 .63 255 . 7 1 1 7 . 38  
1 2 :00 1 .6 1  2 55 . 7 1 1 7. 38  
1 3 :00 1 .6 1  255 . 7 1 1 7 . 38  
1 4 :00 1 .60 255 . 72 1 7.39 
1 5 :00 1 .6 1  255 . 7 1 1 7 .38 I 
1 6 :00 1 .64 255 . 70 1 7 .37  
1 7 :00 1 .43 255 .82 1 7 .49 
1 8 :00 1 . 44 255 . 8 1 1 7 .48 
1 9 :00 1 .36  255 . 85 1 7. 52  
20:00 1 .47 255 . 79 1 7.46 
2 1 :00 1 .49 255 . 79 1 7 .46 
22 :00 1 .5 0  255 .78 J 7 .45 
23 :00 1 .52  255 . 77  1 7.44 
24 :00 :00 1 .52  255 . 77  1 7 .44 
1 4 ) .  Ju nct ion - 1 4  Time Series deta ils 
Time ( Hours )  Demand ( Lis) ! lead ( m )  
0 :00 1 . 52 255 .82  
1 :00 1 . 50  255 .83  
2 :00  1 .47 255 . 84 
3 :00 1 .49 255 .83 
4 :00 1 . 50  255 .83 
5 :00 1 .67 255 . 74 
6 : 00 1 .64 255 .75  
7 :00  1 .6 1  255 .77  
8 :00  1 .64 255 .75  
9 :00 1 .63 255 .76 
1 0 :00 1 .6 1  255 .77  
1 1 : 00 1 .63 255 .76 
1 2 :00 1 . 6 1  255 . 77 
1 3 : 00 1 .6 1  255 .77  
1 4 :00 1 .60 255 .78  
1 5 :00 1 .6 1  255 .77  
1 6 :00 1 .64 255 .75  
1 7 : 00 1 .43 255 .86  
1 8 :00 1 .44 255 .86 
1 9 :00 1 .36  255 .89 
20 :00 1 .47 255 . 84 
2 1 :00 1 . 49 255 .83 
22 :00 1 . 50  255 . 83 
23 :00 1 .52 255 . 82 
24:00 :00 1 . 52 255 . 82 
Pressure ( m )  
1 4 .64 
1 4  65 
1 4 .67 
1 4 .66 
1 4 .65 
1 4 . 56  
1 4 . 58  
1 4 .60 
1 4 . 58  
1 4 .59 
1 4 .60 
1 4 .59 
1 4 .60 
1 4 .60 
1 4 .60 
1 4 .60 
1 4 . 58  
1 4 .69 
1 4 .68 
1 4 . 72 
1 4 .67 
1 4 .66 
1 4 .65 
1 4 .64 
1 4 .64 
"' 
..0 
1 5) .  J u nct ion - 1 5  Time Series deta i ls 
Time ( Hours) Demand ( Lis) I lead ( m )  Pressure ( m )  
0 :00 1 .5 2  255 . 80  1 4 .63 
I :00 1 . 5 0  2 5 5 . 8  I 1 4 . 64 
2 :00 1 .47  255 .83  1 4 .65 
3 :00 I .49 255 . 82 1 4 .65 
4 :00 1 . 5 0  255 . 8  I 1 4.64 
5 : 00 1 .67 255 . 72 I 4 . 55  
6 : 00 I .64 255 .74 1 4 .56 
7 : 00 I .6 I 2 5 5 . 75 I 4 . 58  
8 : 00 I .64 255 . 74 1 4 . 56  
9 :00 1 .63 255 .75  1 4 . 5 7  
1 0 :00 1 .6 1  255 .75  1 4 .58  
I 1 :00 1 .63 255 .75 1 4 . 5 7  
1 2 :00 1 .6 1  255 . 75 1 4 . 58  
1 3 :00 I .6 1 25 5 . 75 1 4 . 58  
1 4 :00 1 .60 255 . 76 1 4 .59 
I 5 : 00 1 .6 I 255 . 75  1 4 . 58  
1 6 :00 1 .64 255 .74 I 4 . 56  
1 7 :00 1 .43 255 . 85 1 4 .68 
1 8 :00 1 .44 255 . 84 1 4 .67 
1 9 :00 1 .36  255 .88  I 4 . 7 1 : 
20 :00 I .47 255 .83 1 4 .65 
2 1 :00 1 .49 255 .82 1 4 .65 
22 :00 1 . 50  255 . 8  I 1 4.64 
23 : 00 I . 52  255 .80 1 4 .63 
24 :00 :00 1 . 52 255 .80 
___ j4�§3_ -
1 6). J u nc t ion - 1 6  Time Series deta i ls 
Time ( I  lours)  
0 :00 
I : 00 
2 :00 
3 : 00 
4 :00 
5 : 00 
6 : 00 
7 :00 
8 : 00 
9 :00 
1 0 :00 
I I  :00 
1 2 :00 
1 3 :00 
1 4 : 00 
1 5 : 00 
1 6 : 00 
1 7 :00 
1 8 :00 
1 9 : 00 
20:00 





Demand ( Lis) 
I . 52 
1 .5 0  
1 .47  
I .49 
I . 50  
1 .67 
1 .64 
I .6 1 
1 .64 
1 .63 
1 .6 1  
1 . 63 
1 .6 1  
1 .6 1  
1 .60 
1 .6 1  
1 .64 
1 .43 
1 . 44 
1 .36 
1 .47  
1 .49 
1 . 50  
1 . 52  
L__ - l_j2_-
Head ( m )  
255 .79 
255 .80 
255 . 8 1 
255 . 8 1 
255 .80 
2 5 5 . 70 
255 . 72 
255 . 74 
255 . 72 
255 .73 
255 .74 
255 . 73 
255 . 74 
255 . 74 
255 .75 
255 . 74 
255 . 72 
255 .84 
255 .83 
255 .87  
255 . 8 1 
255 . 8 1 
255 .80 
255 .79 
255 . 79 
- - -- -
Pressure ( m )  
--
I 4 .36 
I 4 .37  
1 4 .38 
1 4 .38  
1 4 .37  
1 4 .27  
1 4 .29 
1 4 .3 1 
1 4 .29 
1 4 .30 
1 4 .3 1 
1 4 .30 
1 4 .3 1 
1 4 . 3 1 
1 4 .32 
1 4 .3 1 
1 4 .29 
1 4 .4 1 
1 4 .40 
1 4 .44 
1 4 .38  
1 4 .38 
1 4 .37  
1 4 .36 
1 4 .36 
1 0  
0 
0 
1 7) .  J u nct ion - 1 7  Time Series detai ls  
Time (Hours) Demand ( Lis) *  f lead (m)  Pressure (m)  
0 :00 0 255 . 79 1 4 .32 
I :00 0 255 .80  1 4 .33 
2 : 00 0 255 . 8 1 1 4 .34 
3 : 00 0 255 . 8 1 1 4 .34 
4 : 00 0 255 .80 1 4 .33 
5 :00 0 255 .70 1 4 .23 
6 : 00 0 255 .72  1 4 .25 
7 : 00 0 255 . 74 1 4 .27 
8 : 00 0 255 .72  1 4 .25 
9 : 00 0 255 . 73 1 4 .26 
1 0 : 00 0 255 . 74 1 4 .27 
I I  :00 0 255 .73 1 4 .26 
1 2 :00 0 255 . 74 1 4 .27 
1 3 : 00 0 255 . 74 1 4 .27  
1 4 :00 0 255 .75  1 4 .28 
1 5 :00 0 2 5 5 . 74 1 4 .27 
1 6 :00 0 255 .72 1 4 .25  
1 7 :00 0 255 . 84 1 4 .37  
1 8 :00 0 255 .83  1 4 .36  
1 9 :00 0 255 . 87  1 4 .40 
20 :00 0 255 . 8 1 1 4.34 
2 1 :00 0 255 . 8 1 1 4 .34 
22 :00 0 255 .80 1 4 .33 
23 :00 0 255 .79 1 4 .32  
24 :00 :00 0 255 . 79 1 4 .32 
* E l bow 
1 8) .  Ju nct ion - 1 8  Time Series detai ls  
Time ( f l ours) Demand ( Lis)* T lead ( m )  
0 :00 0 255 .79 
I :00 0 255 . 80  
2 : 00 0 255 . 82  
3 :00 0 255 .8  I 
4 :00 0 255 . 80  
5 :00 0 255 . 7  I 
6 :00 0 255 . 72 
7 :00 0 255 . 74 
8 :00 0 255 .72 
9 :00 0 255 . 73 
1 0 :00 0 255 .74 
I I  : 00 0 255 . 73 
1 2 :00 0 255 . 74 
1 3 : 00 0 255 .74 
1 4 :00 0 255 .75  
1 5 : 00 0 255 . 74 
1 6 :00 0 255 . 72 
1 7 :00 0 255 . 84 
1 8 :00 0 255 . 83 
1 9 : 00 0 255 .87  
20:00 0 255 .82 
2 1 :00 0 255 . 8  I 
22 :00 0 255 . 80 
23 :00 0 255 .79 
24 :00 :00 0 255 .79 
*E lbow 
Pressure ( m )  
1 3 .03 
1 3 .04 
1 3 .05 
1 3 .04 
1 3 .04 
1 2 .94 
1 2 .96 
1 2 .98 
1 2 .96 
1 2 .97 
1 2 .98 
1 2 .97 
1 2 .98 
1 2 .98 
1 2 .98 
1 2 .98 
1 2 .96 
1 3 .08 
1 3 .07 . 
I 3 .  I I 
1 3 .05 
1 3 . 04 
1 3 . 04 
1 3 .03 
1 3 .03 
1--> 
0 
1 9). J u nc t ion - 1 9  Time Se ries deta i ls 
Time (Hours) Demand ( Lis) Head ( m )  Pressure ( m )  
0 : 00 1 . 52  255 .79 1 2 .63 
1 : 00 1 . 50  255 .80 1 2 .64 
2 :00 1 .47 255 . 82 1 2 .65 
3 : 00 1 .49 255 . 8 1 1 2 . 64 
4 : 00 1 . 50  2 5 5 . 80 1 2 .64 
5 : 00 1 .67 255 . 7 1 1 2 .54 
6 :00 1 .64 255 .72 1 2 .56  
7 : 00 1 .6 1  2 55 . 74 1 2 . 5 8  
8 :00 1 .64 255 . 72 1 2 .56 
9 : 00 1 .63 255 .73 1 2 . 5 7  
1 0 :00 1 .6 1  2 55 . 74 1 2 . 58  
1 1 : 00 1 .63 255 .73 1 2 . 57  
1 2 :00 1 .6 1  2 55 . 74 1 2 . 58  
1 3 :00 1 .6 1  25 5 . 74 1 2 . 58  
1 4 :00 1 .60 255 .75  1 2 . 58  
1 5 :00 1 .6 1  255 . 74 1 2 . 58  
1 6 :00 1 .64 255 . 72 1 2 . 56  
1 7 : 00 1 .43 255 . 84 1 2 .68 
1 8 :00 1 .44 255 .83 1 2 .67 
1 9 :00 1 .36  255 . 87  1 2 . 7 1  
20 :00 1 .47 255 .82  1 2 .65 
2 1 :00 1 .49 255 . 8 1 1 2 . 64 1 
22 :00 1 .5 0  255 .80 1 2 .64 
23 :00 1 .52  255 . 79 1 2 .63 
24 :00 :00 1 .52  255 . 79 1 2 .63 
- -------
20).  J u nc t ion - 20 Time Series deta i ls 
Time ( Hours) Demand ( Lis) Head ( m )  
0 :00 1 . 52  255 . 8 1 
I : 00 1 . 50  25 5 .82 
2 : 00 1 .47 255 . 84 
3 :00 1 . 49 255 .83  
4:00 1 . 50  255 .82  
5 : 00 1 .67 255 . 73 
6 :00 1 .64 255 .75  
7 :00 1 .6 1  255 .77  
8 : 00 I .64 255 .75  
9 :00 1 .63 255 . 76 
1 0 :00 I .6 1 255 .77  
I I  : 00  1 .63 255 . 76 
1 2 : 00 1 .6 1  255 .77  
1 3 :00 1 .6 1  255 .77  
1 4 :00 1 .60 255 .77  
1 5 :00 1 .6 I 255 .77 
1 6 :00 1 .64 255 . 75 
1 7 : 00 1 .43 255 . 86 
1 8 :00 1 .44 255 .85  
1 9 :00 1 .36 255 . 89 
20:00 1 .47 255 . 84 
2 1 : 00 1 .49 255 . 83 
22:00 1 .50  255 .82 
23 :00 1 .52  255 . 8 1 
24:00:00 1 .52  255 . 8 1 
Pressure ( m )  
1 3 . 1 1 
1 3 . 1 2  
1 3 . 1 4  
1 3 . 1 3  
1 3 . 1 2  
1 3 .03 
1 3 .05 
1 3 .07 
1 3 .05 
1 3 . 06 
1 3 .07 
1 3 .06 
1 3 .07 
1 3 .07 
1 3 .07 
1 3 .07 
1 3 .05 
1 3 . 1 6  
1 3 . 1 5  
1 3 . 1 9  
1 3 . 1 4  
1 3 . 1 3  
1 3 . 1 2  
1 3 . 1 1 
1 3 . 1 1 
1 ..;  
0 
1 ->  
2 1 ). J u nct ion - 2 1  Time Series detai ls  
Time ( H ours)  Demand ( Lis) ! lead ( m )  Pressure ( m )  
0 :00 1 . 52  255 .83 1 3 . 1 3  
I : 00  1 . 50  2 5 5 . 84 1 3 . 1 4  
2 :00 1 .47 255 . 85  1 3 . 1 5  
3 :00 1 .49 255 .85  1 3 . 1 5  
4 : 00 1 . 5 0  255 .84 1 3 . 1 4  
5 :00 1 .67  255 . 75 1 3 .05 
6 : 00 1 .64 255 . 77  1 3 .07 
7 :00 1 .6 1  2 55 . 78 1 3 .08 
8 : 00 1 .64 255 . 77  1 3 .07 
9 : 00 1 .63 2 5 5 . 78 1 3 .08 
1 0 :00 1 .6 1  255 .78  1 3 .08 
I I  :00 1 .63 255 .78  1 3 .08 
1 2 :00 1 .6 1  255 . 78  1 3 .08 
1 3 :00 1 .6 1  255 .78  1 3 .08 
1 4 :00 1 .60 2 5 5 . 79 1 3 .09 
1 5 : 00 1 .6 1  255 .78  1 3 .08  
1 6 :00 1 .64 255 .77  1 3 .07 ; 
1 7 :00 1 .43 2 5 5 . 88 1 3 . 1 8  
1 8 :00 1 .44 255 . 87  1 3 . 1 7  
1 9 :00 1 .3 6  255 .90 1 3 .20 
20:00 1 .47 255 .85  1 3 . 1 5  
2 1 :00 1 .49 255 .85  1 3 . 1 5  
22 :00 1 . 50  255 . 84 1 3 . 1 4  
23 : 00 1 . 52  255 . 83 1 3 . 1 3  
24 :00 :00 1 . 52  255 . 83 1 3 . 1 3 I 
22).  J u nct ion - 22 Time Series de ta i ls 
Time ( I  lours) Demand ( Lis) I lead ( m )  
0 :00 1 . 52 255 . 79 
I : 00 1 . 5 0  255 . 80 
2 :00 1 .47  255 . 8 1 
3 :00 1 .49 255 . 8 1 
4 :00 1 .5 0  255 .80 
5 :00 1 .67 255 . 70 
6 : 00 1 .64 255 .72 
7 :00 1 .6 1  255 . 74 
8 :00 1 .64 255 . 72 
9 :00 1 .63 255 . 73 
1 0 :00 1 .6 1  255 . 74 
I I  :00 1 .63 255 . 73 
1 2 :00 1 .6 1  255 . 74 
1 3 :00 1 .6 1  255 .74 
1 4 :00 1 .60 255 .75 
1 5 :00 1 .6 1  255 . 74 
1 6 : 00 1 .64 255 . 72 
1 7 :00 1 .43 255 . 84 
1 8 :00 1 .44 255 .83 
1 9 :00 1 .36  255 .87  
20:00 1 .47  255 . 8 1 
2 1 : 00 1 .49 255 . 8 1 
22 :00 1 .50  255 .80 
23 : 00 1 . 52 255 . 79 
24:00:00 1 .52  255 .79 
Pressure ( rn )  
I 0 .28 
1 0 .29 
I 0 .3 1 
1 0 .30 
1 0 .29 
1 0 . 1 9  
1 0 .2 1 
1 0 .23 
1 0 .2 1 
1 0 .22 
1 0 .23 
1 0 .22 
1 0 .23 
I O .n 
1 0 .24 
1 0 .23 
1 0 .2 1 
1 0 .33 
1 0 .32 
1 0 .36 
1 0 .3 1 
1 0 .30 
1 0 .29 
1 0 .28  




23).  J u nct ion - 23 Time Series detai ls  24).  J u nct ion - 24 Time Series deta i ls 
Time ( Hours )  Demand ( Lis) Head (m)  Pressure ( m )  Time ( Hours) Demand (Lis) T lead ( m )  Pressure ( m )  
0 : 00 1 . 52  255 . 78  1 0 . 1 6  0 :00 1 . 52 255 . 78  1 0 . I 6  
1 : 00 1 . 50  255 . 79 1 0 . 1 7  I : 00 ! . 50  255 . 79 1 0 . I 7  
2 : 00 1 .47 255 . 8 1 1 0 . I 9 2 :00 1 .47  255 . 8 1 1 0 . I 9  
3 : 00 1 .49 2 5 5 . 80 1 0 . 1 8  3 :00 1 .49 255 .80 I O . I 8  
4 : 00 1 . 5 0  255 . 79 1 0 . 1 7  4 :00 I . 50  255 . 79 I O . I 7 
5 :00 1 .67 255 .69 1 0 .08 5 : 00 1 .67 255 .69 1 0 .07 
6 : 00 1 . 64 255 .7 1 1 0 .09 6 :00 1 .64 255 . 7 1 1 0 . 09 
7 : 00 1 .6 1  2 5 5 . 73 1 0 . 1 1 7 :00 1 .6 1  255 . 73 1 0 . 1 1 
8 :00 1 . 64 255 . 7 1 1 0 . 09 8 :00 1 . 64 255 . 7 1 1 0 .09 
9 :00 1 . 63 255 . 72 1 0 . 1 0  9 :00 I . 63 255 . 72 I O . I O  
1 0 :00  1 .6 1  255 . 73 1 0 . ]  1 1 0 :00 1 .6 1  255 . 73 1 0 . 1  I 
1 1 :00 1 .63 255 . 72 I 0 . 1 0  1 1 : 00 I .63 255 . 72 1 0 . 1 0 
1 2 :00 1 . 6 1  255 . 73 1 0 . 1 1 I 2 :00 1 .6 1  255 . 73 1 0 . 1  I 
1 3 : 00 1 .6 1  255 . 73 1 0 . 1 1 I 3 :00 1 .6 1  255 . 73 1 0 . 1 1 
1 4 :00 1 .60 255 . 74 1 0 . 1 2  1 4 : 00 1 .60 255 . 74 1 0 . 1 2  
1 5 : 00 1 .6 1  2 55 . 73 1 0 . 1 1 1 5 :00 1 .6 1  255 . 73 1 0 . 1  I 
1 6 :00 1 .64 255 . 7 1 1 0 .09 1 6 : 00 I .64 255 . 7 1 1 0 .09 
1 7 :00 1 .43 255 . 83 1 0 .2 1 1 7 :00 1 .43 255 . 83 1 0 .2 1 
1 8 :00 1 .44 255 .82 1 0 .2 I 1 8 : 00 1 .44 255 . 82 1 0 .20 
1 9 :00 1 .36  255 . 86 1 0 .25 I 9 :00 1 .36  255 .86  1 0 .24 
20 :00 1 .47 25 5 . 8 1 1 0 . I 9  20 :00 1 .47 255 . 8 1 1 0 . 1 9  
2 1 :00 I .49 255 . 8  1 0 . 1 8  2 1 :00 I .49 255 . 80 I 0 . 1 8  
22 :00 1 . 50  255 .79 1 0 . 1 7  22 :00 1 . 50  255 . 79 1 0 . 1 7  
23 :00 1 . 52 255 .78  1 0 . 1 6  23 :00 1 . 52 255 .78 1 0 . 1 6  
24 :00 :00 1 . 52 255 .78  1 0 . I 6  24 :00 :00 I . 52  255 .78 1 0 . 1 6 
l...:l 
� 
25).  J u nct ion - 25 Time Series deta i ls  26) .  D M A - Time Series detai ls  
Time ( I  lours)  Demand ( Lis) I lead ( m )  Pressure ( m )  Time ( J  fours) Demand ( Lis) 
0 :00 1 . 52  255 .78  1 3 .58  0 : 00 24.30 
1 :00 1 . 5 0  255 . 79 1 3 . 59  J :00 24.06 
2 : 00 1 .47  255 . 80  1 3 .60 2 :00 23 .56  
3 :00 1 .49 255 . 80  1 3 .60 3 : 00 23 .8 1 
4 :00 1 . 5 0  255 . 79 1 3 . 59 4 :00 24.06 
5 :00 1 .67 255 .69 1 3 .49 5 :00 26.78 
6 :00 1 .64 255 . 7 1 1 3 . 5 1  6 :00 26 .29 
7 :00 1 .6 1  2 55 . 73 1 3 . 53  7 :00 2 5 . 79 
8 :00 L .64 255 . 7 1 1 3 . 5 1 8 :00 26.29 
9 :00 1 .63 255 . 72 1 3 . 52 9:00 26.04 
1 0 :00 1 .6 1  255 . 73 1 3 .53  1 0 :00 2 5 . 79 
I I  :00 1 .63 255 .72 1 3 . 52  I I  :00 26.04 
1 2 :00 1 .6 1  255 . 73 1 3 . 53  1 2 :00 25 . 79 
1 3 :00 1 .6 1  2 55 . 73 1 3 . 53  1 3 :00 25 . 79 
1 4 : 00 1 .60 255 . 73 1 3 . 54 1 4 :00 25 .54  
1 5 : 00 1 .6 1  255 . 73 1 3 . 53 1 5 :00 25 . 79 
1 6 :00 1 .64 255 . 7 1 1 3 . 5 1 1 6 :00 26.29 
1 7 :00 1 .43 2 5 5 . 83 1 3 .63 1 7 :00 22 .82 
1 8 :00 1 .44 255 .82 1 3 . 62 1 8 :00 23 .06 
1 9 :00 l .3 6  255 .86 1 3 .66 1 9 : 00 2 1 . 82 
20 :00 1 .47 255 .80 1 3 .60 20:00 23 .56 
2 1 :00 1 . 49 255 .80 1 3 .60 2 1 :00 23 . 8 1 
22:00 1 . 50  255 . 79 1 3 . 59  22:00 24.06 
23 :00 1 . 52 255 .78  1 3 . 58  23 :00 24 .30 
24:00 :00 1 . 52 255 .78 1 3 . 58  24:00:00 24.30 
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1 ) . P ipe P- 1 T ime Series deta i ls 
T i me 
Length D iameter 
Roughness 
Flow Veloc i ty 
( m )  ( m m )  Lis m/s 
0 :00 1 00 3 00 1 30 24.30 0.34 
1 : 00 1 00 3 00 1 30 24.06 0 .34 
2 : 00 1 00 3 00 1 30 23 . 56  0 .33  
3 : 00 1 00 3 00 1 30 23 . 8 1 0 .34 
4 :00 1 00 3 00 1 30 24.06 0.34 
5 :00 1 00 300 1 30 26 .78  0 .38  
6 :00 1 00 300 1 30 26 .29 0 .37  
7 :00  1 00 300 1 30 25 . 79 0 .36 
8 : 00 1 00 300 1 30 26 .29 0 . 37  
9 : 00 1 00 300 1 30 26 .04 0 .37 
I O : OO 1 00 300 1 30 25 . 79 0 .36 
I 1 : 00 I OO 300 I 30 26 .04 0 .37  
1 2 : 00 I OO 300 1 30 25 .79 0 .36 
I 3 :00 1 00 300 1 30 25 . 79 0 .36 
1 4 :00 1 00 3 00 1 30 25 . 54 0 .36 
1 5 : 00 1 00 300 1 30 25 . 79 0 .36 
I 6 :00 1 00 3 00 1 30 26.29 0 .37  
1 7 : 00 1 00 300 1 30 22 .82 0 .32 
I 8 :00 1 00 3 00 1 30 23 .06 0.33 
1 9 :00 1 00 3 00 1 30 2 1 .82 0 .3 1 I 
20:00 1 00 300 1 30 23 .56  0 .33  
2 1 :00 1 00 300 1 30 23 . 8 1 0 .34 
22 :00 1 00 300 1 30 24.06 0 .34 
23 :00 1 00 300 1 30 24.30 0 .34 
24:00 1 00 300 1 30 24.30 0.34 i 
2) .  P ipe P-2 Time Series detai ls  
Time 
Length D iameter 
Roughness 
(m)  (mm)  
0 : 00 232 .03 8 200 1 30 
1 : 00 232 .038 200 1 30 
2 :00 232.038 200 1 30 
3 :00 232.038 200 1 30 
4 :00 232 .038 200 1 30 
5 : 00 232 .03 8 200 1 30 
6 :00 232 .03 8 200 1 30 
7 :00 232.038 200 1 30 
8 : 00 232 .038 200 I 30 
9 :00 232 .03 8 200 1 30 
1 0 :00 232 .03 8 200 1 30 
1 1 : 00 232.03 8 200 1 30 
1 2 :00 232.03 8 200 1 30 
1 3 : 00 232 .03 8 200 1 30 
1 4 : 00 232.03 8 200 1 30 
I 5 :00 232.038 200 1 30 
I 6 :00 232.038 200 1 30 
1 7 :00 232.038 200 1 30 
1 8 :00 232 .03 8 200 1 30 
1 9 :00 232 .03 8 200 1 30 
20 :00 232.038 200 1 30 
2 1 :00 232.038 200 1 30 
22 :00 232.038 200 1 30 
23 :00 232.038 200 1 30 




1 1 . 79 
1 1 .67 
1 1 .43 
1 1 . 5 5  
1 1 .67 
1 2 .99 
1 2 . 75 
1 2 . 5 1 
1 2 . 75 
1 2 .63 
1 2 . 5 1 
1 2 .63 
1 2 . 5 1 
1 2 . 5 1 
1 2 .39 
1 2 . 5 1 
1 2 .75  
1 1 .07 
1 1 . 1 9 
I 0 .58  
1 1 .43 
1 1 . 55  
1 1 .67 
1 1 . 79 
1 1 . 79 --- ---L___ 





0 .38  
0 .37 
0 .36 
0 .37  
0 .37  
0 .4 1 
0 .4 1 
0 .40 

















3) .  Pipe P-3 Time Se ries deta i ls  
T i me 
Length D iameter 
Roughness 
Flow Veloci ty 
( m )  ( m m )  Lis m/s 
0 : 00 9.975 200 1 30 2 . 8 1 0 .09 
I : 00 9.975 200 1 30 2 .78  0 .09 
2 : 00 9.975 200 1 30 2 . 72 0 .09 
3 : 00 9.975 200 1 30 2 .75  0 .09 
4 : 00 9.975 200 1 30 2 .78  0 .09 
5 : 00 9.975 200 1 30 3 . 09 0 . 1 0  
6 : 00 9.975 200 1 30 3 . 04 0 . 1 0  
7 : 00 9.975 200 1 30 2 .98 0 .09 
8 : 00 9.975 200 1 30 3 .04 0 . 1 0  
9 : 00 9.975 200 1 30 3 .0 1 0 . 1 0  
1 0 :00 9.975 200 1 30 2 .98 0 .09 
I I  :00 9.975 200 1 30 3 . 0 1 0 . 1 0  
1 2 : 00 9 .975 200 1 30 2 .98 0 .09 
1 3 :00 9.975 200 1 30 2 .98 0 .09 
1 4 :00 9.975 200 1 30 2.95 0 .09 
1 5 :00 9.975 200 1 30 2 .98 0 .09 
1 6 :00 9.975 200 1 30 3 .04 0 . 1 0  
1 7 :00 9 .975 200 1 30 2 .64 0.08 
1 8 :00 9.975 200 1 30 2 .66 0 .08 
1 9 :00 9.975 200 1 30 2 .52  0.08 
20 :00 9.975 200 1 30 2 .72 0 .09 
2 1 :00 9.975 200 1 30 2 . 75 0 .09 
22 :00 9.975 200 1 30 2 . 78 0 .09 
23 : 00 9.975 200 1 30 2 . 8 1 0 .09 ' 
24 : 00 9.975 200 1 30 2 .8 1 0 .09 1 
4).  P ipe P-4 Time Series detai ls  
Length Diameter 
Time ( m )  ( m m )  Roughness 
0 : 00 1 60.264 200 1 30 
I :00 1 60 .264 200 1 30 
2 :00 1 60 . 264 200 1 30 
3 : 00 1 60 .264 200 1 30 
4 :00 1 60 .264 200 1 30 
5 : 00 1 60.264 200 1 30 
6 : 00 1 60 .264 200 1 30 
7 :00 1 60. 264 200 1 30 
8 :00 1 60 .264 200 1 30 
9 :00 1 60 .264 200 1 30 
1 0 :00 1 60. 264 200 1 30 
1 1 : 00 1 60 . 264 200 1 30 
1 2 :00 1 60 .264 200 1 30 
1 3 : 00 1 60. 264 200 1 30 
1 4 : 00 1 60 . 264 200 1 30 
1 5 :00 1 60 .264 200 1 30 
1 6 : 00 1 60 .264 200 1 30 
1 7 :00 1 60.264 200 1 30 
1 8 : 00 1 60 .264 200 1 30 
1 9 :00 1 60 .26-f 200 1 30 
20 :00 1 60.264 200 1 30 
2 1 :00 1 60 .264 200 1 30 
22 :00 1 60.264 200 1 30 
23 :00 1 60 .264 200 1 30 
24:00 1 60.264 200 1 30 
F lO\\ 
Lis 
1 2 .52 
1 2 .39 
1 2 . 1 3  
1 2 .26 
1 2 .39 
1 3 . 79 
1 3 .54 
1 3 .28 
1 3 .54 
1 3 .4 1  
1 3 .28 
1 3 .4 1 
1 3 .28 
1 3 .28 
1 3 . 1 6  
1 3 .28 
1 3 .54 
1 1 .75 
1 1 . 88 
1 1 .24 
1 2 . 1 3 
1 2 .26 
1 2 .39 
1 2 . 52  
1 2 . 52  































3).  Pipe P-3 Time Series deta i ls  
Time 
Length D iameter 
Roughness 
F low Veloc i ty 
( m )  ( m m )  Lis m/s 
0 :00 9.975 200 1 30 2 . 8 1 0 .09 
I : 00 9.975 200 1 30 2 .78  0 .09 
2 : 00 9.975 200 1 30 2 . 72 0 .09 
3 : 00 9.975 200 1 30 2 .75  0 .09 
4 :00 9.975 200 1 30 2 .78  0 .09 
5 : 00 9.975 200 1 30 3 .09 0 . 1 0  
6 :00 9.975 200 1 30 3 .04 0 . 1 0  
7 :00 9 .975 200 1 30 2 .98 0 .09 
8 :00 9 .975 200 1 30 3 . 04 0 . 1 0  
9 :00 9.975 200 1 30 3 . 0 1 0 . 1 0  
1 0 :00 9.975 200 1 30 2 .98 0 .09 
I I  : 00 9.975 200 1 30 3 . 0 1 0 . 1 0  
1 2 :00 9.975 200 1 30 2 .98 0 .09 
1 3 :00 9.975 200 1 30 2 .98 0 .09 
1 4 :00 9.975 200 1 30 2 .95 0 .09 
1 5 :00 9.975 200 1 30 2 .98 0 .09 
1 6 :00 9.975 200 1 30 3 .04 0 . 1 0  
1 7 :00 9 .975 200 1 30 2 .64 0.08 
1 8 :00 9.975 200 1 30 2 .66 0 .08 
1 9 :00 9.975 200 1 30 2 .52  0.08 
20:00 9.975 200 1 30 2 .72 0 .09 
2 1 :00 9.975 200 1 30 2 .75  0.09 
22 :00 9.975 200 1 30 2 .78  0 .09 
23 :00 9.975 200 1 30 2 .8 1 o .o9 I 
24:00 9.975 200 1 30 2 .8 1 0. 09 1 
4) .  Pipe P-4 Time Series deta i ls  
Length Diameter 
Time ( m )  ( m rn )  Rough ness 
0:00 1 60.264 200 1 30 
I :00 1 60 .264 200 1 30 
2 : 00 1 60 .264 200 1 30 
3 :00 1 60 .264 200 1 30 
4 :00 1 60 .264 200 1 30 
5 : 00 1 60 .264 200 1 30 
6 :00 1 60 .264 200 1 30 
7 :00 1 60 . 264 200 1 30 
8 : 00 1 60 .264 200 1 30 
9 :00 1 60 .264 200 1 30 
1 0 :00 1 60 . 264 200 1 30 
1 1 : 00 1 60 .264 200 1 30 
1 2 :00 1 60 .264 200 1 30 
1 3 :00 1 60 . 264 200 1 30 
1 4 : 00 1 60 .264 200 1 30 
1 5 : 00 1 60 .264 200 1 30 
1 6 : 00 1 60.264 200 1 30 
1 7 :00 1 60.264 200 1 30 
1 8 : 00 1 60.264 200 1 30 
1 9 :00 1 60 .264 200 1 30 
20 :00 1 60.264 200 1 30 
2 1 :00 1 60 .264 200 1 30 
22 :00 1 60 .264 200 1 30 
23 :00 1 60. 264 200 1 30 
24 :00 1 60 .264 200 1 30 
F lO\\ 
Lis 
1 2  52 
1 2 .39 
1 2 . 1 3 
1 2 .26 
1 2 .39 
1 3 . 79 
1 3 .54  
1 3 .28  
1 3 .54 
1 3 . 4 1 
1 3 .28 
1 3 .4 1  
1 3 .28 
1 3 .28 
1 3 . 1 6  
1 3 .28 
1 3 .54 
1 1 .75 
1 1 . 88 
1 1 .24 
1 2 . 1 3  
1 2 .26 
1 2 . 39 
1 2 .52 
1 2 . 52  































5).  Pipe P-5 Time Scdes deta i ls  
Time 
Length D iameter 
Roughness 
F low Veloc i ty 
( m )  ( m m )  Lis mls 
0 :00 2 . 38  1 50 1 30 1 2 . 52  0 . 7 1 
I : 00 2 . 38  1 50 1 30 1 2 .39 0 .70 
2 :00 2 . 38  1 50 1 30 1 2 . 1 3 0 .69 
3 :00 2 . 38  1 50 1 30 1 2 .26 0 .69 
4 : 00 2 . 38  1 50 1 30 1 2 .39 0 .70 
5 : 00 2 . 38  1 50 1 30 1 3 . 79 0 .78  
6 : 00 2 . 38  1 50 1 30 1 3 .54 0 .77  
7 : 00 2 . 38  1 50 1 30 1 3 .28  0 .75  
8 : 00 2 . 38  1 50 1 30 1 3 .54 0 .77  
9 :00 2 . 38  1 50 1 30 1 3 .4 1  0 .76  
1 0 :00 2 . 38  1 50 1 30 1 3 .28 0 .75 
1 1 : 00 2 . 38  1 50 1 30 1 3 .4 1 0 .76 
1 2 :00 2 . 38  1 50 1 30 1 3 .28  0 .75  I 
1 3 : 00 2 . 38  1 50 1 30 1 3 .28  0 .75  
1 4 : 00 2 . 38  1 50 1 30 1 3 . 1 6  0 . 74 
1 5 : 00 2 . 38  1 50 1 30 1 3 .28 0 .75  
1 6 :00 2 . 38  1 50 1 30 1 3 .54 0 .77  
1 7 : 00 2 . 38  1 50 1 30 1 1 . 75 0 .66 
1 8 : 00 2 . 38  1 50 1 30 1 1 . 88 0 .67 
1 9 : 00 2 . 38  1 50 1 30 1 1 .24 0 .64 
20 :00 2 . 38  1 50 1 30 1 2 . 1 3  0 .69 
2 1 : 00 2 . 38  1 50 1 30 1 2 .26 0.69 
22 :00 2 . 38  1 50 1 30 1 2 .39 0 .70 I 
23 :00 2 . 38  1 50 1 30 1 2 . 52  0 .7 1 
24 :00 2 . 38  1 50 1 3Q_ 1 2 . 52  0 .7 1 
6).  P ipe P-6 Time Series detai ls  
Time 
Length D iameter 
Roughness 
( m )  ( m m )  
0 : 00 354 .92 1 50 1 30 
I : 00 354 .92 1 50 1 30 
2 : 00 354 .92 1 50 1 30 
3 : 00 354.92 1 50 1 30 
4 :00 354.92 1 50 1 30 
5 : 00 354.92 1 50 1 30 
6 : 00 354 .92 1 50 1 30 
7 :00 354.92 1 50 1 30 
8 : 00 354 .92 1 50 1 30 
9 :00 354 .92 1 50 1 30 
1 0 : 00 354.92 1 50 1 30 
I I  :00 354.92 1 50 1 30 
1 2 : 00 354 .92 1 50 1 30 
1 3 : 00 354.92 1 50 1 30 
1 4 :00 354.92 1 50 1 30 
1 5 : 00 354.92 1 50 1 30 
1 6 :00 354 .92 1 50 1 30 
1 7 : 00 354 .92 1 50 1 30 
1 8 :00 354.92 1 50 1 30 
1 9 : 00 354 .92 1 50 1 30 
20 :00 354.92 1 50 1 30 
2 1 : 00 354.92 1 50 1 30 
22 :00 354 .92 1 50 1 30 
23 : 00 354.92 1 50 1 30 





2 .88  
2 .9 1 
2 .94 
3 .27  
3 . 2 1 
3 . 1 5  
3 .2 1 
3 . 1 8  
3 . 1 5  
3 . 1 8  
3 . 1 5  
3 . 1 5  
3 . 1 2  
3 . 1 5  
3 .2 1 
2 . 79 
2 .82  
2 .67  
2 .88  









0. 1 7  
0 . 1 7  
0 . 1 6  
0 . 1 6  
0 1 7  
0 1 9  
0 . 1 8  
0 . 1 8  
0 1 8  
0 . 1 8  
0 . 1 8  
0 . 1 8  
0 . 1 8  
0 . 1 8  
0 . 1 8  
0 . 1 8  
0 . 1 8  
0 . 1 6  
0. 1 6  
0 . 1 5  
0. 1 6  
0 . 1 6  
0 . 1 7  
0 . 1 7  
0 . 1 7  
7).  P ipe P-7 Time Se ries deta i ls  
Time 
0 :00 
I : 00 
2 : 00 
3 : 00 
4 : 00 
5 : 00 
6 : 00 
7 : 00 
8 :00 
9 :00 
1 0 : 00 
1 1 : 00 
1 2 :00 
1 3 :00 
1 4 :00 
1 5 :00 
1 6 :00 
1 7 : 00 
I 8 : 00 
1 9 : 00 
20 :00 
2 1 : 00 
22 :00 
23 : 00 
24:00 
Length 
( m )  
1 05 . 3  
1 05 . 3  
1 05 . 3  
1 05 . 3  
1 05 . 3  
1 05 . 3  
I 05 .3  
J 05 .3  
1 05 . 3  
I 05 .3 
I 05 .3 
I 05 .3 
1 05 .3 
1 05 . 3  
1 05 . 3  
1 05 . 3  
1 05 . 3  
1 05 . 3  
1 05 . 3  
1 05 . 3  
1 05 . 3  
1 05 . 3  
I 05 . 3  
1 05 . 3  




1 50 1 30 
1 50 1 30 
1 50 1 30 
1 50 1 30 
1 50 1 30 
1 50 1 30 
1 50 1 30 
1 50 1 30 
I SO 1 30 
1 50 1 30 
1 50 1 30 
1 50 1 30 
1 50 1 30 
1 50 1 30 
1 50 1 30 
1 50 1 30 
1 50 1 30 
1 50 1 30 
1 50 1 30 
1 50 1 30 
1 50 1 30 
1 50 1 30 
1 50 1 30 
1 50 1 30 
1 50 1 30 - -----
F low Ve loc i ty 
Lis m/s 
2 .97  0 . 1 7  
2.94 0 . 1 7  
2 . 88  0 . 1 6  
2 .9 1 0 . 1 6  
2 .94 0 . 1 7  
3 .27  0 . 1 9  
3 . 2 1 0. 1 8  
3 . 1 5  0 . 1 8  
3 .2 1 0 . 1 8  
3 . 1 8  0 . 1 8  
3 . 1 5  0 . 1 8  
3 . 1 8  0. 1 8  
3 . 1 5  0 . 1 8  
3 . 1 5  0 . 1 8  
3 . 1 2  0 . 1 8  
3 . 1 5  0 . 1 8  
3 . 2 1 0. 1 8  
2 . 79 0 . 1 6  
2 . 82 0 . 1 6  
2 .67 0 . 1 5  
2 .88  0 . 1 6  
2 .9 1 0 . 1 6  
2 .94 0 . 1 7  
2 .97 0 . 1 7  I 
2.97 0. 1 7  
8). Pipe P-8 Time Se ries detai ls  
Time 
Length D iameter 
Roughness 
( m )  ( m m )  
0 :00 354 .9 1 1 50 1 30 
I : 00 354 .9 1 1 50 1 30 
2 :00 354 .9 1 1 50 1 30 
3 : 00 354 .9 1 1 50 1 30 
4 :00 354 .9 1 1 50 1 30 
5 : 00 354 .9 1 1 50 1 30 
6 : 00 354 .9 1 1 50 1 30 
7 :00 354.9 1 1 50 1 30 
8 :00 354 .9 1 1 50 1 30 
9 :00 354 .9 1 1 50 1 30 
1 0 :00 354.9 1 1 50 1 30 
1 1 : 00 354 .9 1 1 50 1 30 
1 2 : 00 354 .9 1 1 50 1 30 
1 3 :00 354 .9 1 1 50 1 30 
1 4 : 00 354 .9 1 1 50 1 30 
1 5 : 00 354 .9 1 1 50 1 30 
1 6 :00 354 .9 1 1 50 1 30 
1 7 : 00 354 .9 1 1 50 1 30 
1 8 :00 354 .9 1 1 50 1 30 
1 9 :00 354 .9 1 1 50 1 30 
20 :00 354.9 1 1 50 1 30 
2 1 : 00 354 .9 1 1 50 1 30 
22 :00 354 .9 1 1 50 1 30 
23 :00 354 .9 1 ! 50 1 30 
24 : 00 354.9 1 1 50 1 30 
F lO\\ 
L s  
2 97 
2.94 
2 .88  
2 .9 1 
2.94 
3 .2 7  
3 . 2 1 
3 . 1 5  
3 . 2 1 
3 . 1 8  
3 . 1 5  
3 . 1 8  
3 . 1 5  
3 . 1 5  
3 . 1 2  
3 . 1 5  
3 .2 1 
2 .79 
2 . 82 
2.67 
2 .88  




Yeloc i t; 
In <;  
1-..J 
0 
0. 1 7  
0 . 1 7  
0 . 1 6  
0 . 1 6  
0 . 1 7  
0 . 1 9  
0 . 1 8  
0 . 1 8  
0 . 1 8  
0 . 1 8  
0 . 1 8  
0 . 1 8  
0 . 1 8  
0 . 1 8  
0 . 1 8  
0. 1 8  
-
0. 1 8  
0 . 1 6  
0 . 1 6  
0 . 1 5  
0 . 1 6  
0 . 1 6  
0 . 1 7  
0. 1 7  
0 . 1 7  
9). Pipe P-9 Time Series detai ls  1 0) .  Pipe P- 1 0  Time Series deta i ls  
Time 
Length D iameter 
Roughness 
F low Veloc i ty 




F low Ve loc ity 
(m )  (mm)  Us m's 
0 :00 1 05 .97 1 50 1 30 1 .45 0 .08 0 :00 2 1  1 50 1 30 1 .27 0.07 
I :00 1 05 .97 1 50 1 30 1 .44 0 .08 1 : 00 2 1  1 50 1 30 1 .25 0 .07 
2 : 00 1 05 .97 1 50 1 30 1 .4 1  0 .08 2 :00 2 1  1 50 1 30 1 .23 0 .07 
3 : 00 1 05 .97 1 50 1 30 1 .42 0 .08 3 : 00 2 1  1 50 1 30 1 .24 0 .07 
4 : 00 1 05 .97 1 50 1 30 1 . 44 0 .08 4 :00 2 1  1 50 1 30 1 .25 0 .07 
5 : 00 1 05 .97 1 50 1 30 1 .60 0 .09 5 : 00 2 1  1 50 1 30 1 .40 0 .08 
6 : 00 1 05 .97 1 50 1 30 1 . 5 7  0 .09 6 :00 2 1  1 50 1 30 1 .3 7  0 .08 
7 :00 1 05 .97 1 50 1 30 1 . 54 0 .09 7 :00 2 1  1 50 1 30 1 .35  0 .08 
8 : 00 1 05 . 97 1 50 1 30 1 . 5 7  0 .09 8 :00 2 1  1 50 1 30 1 .3 7  0.08 
9 : 00 1 05 .97 1 50 1 30 1 . 5 5  0 .09 9 :00 2 1  1 50 1 30 1 .3 6  0 .08 
1 0 : 00 1 05 .97 1 50 1 30 1 . 54  0 .09 1 0 :00 2 1  1 50 1 30 1 .3 5  0 .08 
1 1 : 00 1 05 .97 1 50 1 30 1 . 5 5  0.09 1 1 : 00 2 1  1 50 1 30 1 .36  0 .08  
1 2 : 00 1 05 .97 1 50 1 30 1 . 54  0 .09 1 2 : 00 2 1  1 50 1 30 1 .3 5  0 .08 
1 3 :00 1 05 .97 1 50 1 30 1 . 54 0 .09 1 3 : 00 2 1  1 50 1 30 1 .3 5  0 .08 
1 4 : 00 1 05 .97 1 50 1 30 1 . 52  0 .09 1 4 :00 2 1  1 50 1 30 1 .33 0 .08 
1 5 : 00 1 05 .97 1 50 1 30 1 . 54 0.09 1 5 :00 2 1  1 50 1 30 1 .3 5  0 .08 
1 6 : 00 1 05 .97 1 50 1 30 1 . 5 7  0 .09 1 6 : 00 2 1  1 50 1 30 1 .3 7  0 .08 
1 7 :00 1 05 .97 1 50 1 30 1 .36  0 .08  1 7 :00 2 1  1 50 1 30 1 . 1 9 0 .07 ' 
1 8 :00 1 05 .97 1 50 1 30 1 .38  0 .08 1 8 : 00 2 1  1 50 1 30 1 .20 0 .07 
1 9 :00 1 05 . 97 1 50 1 30 1 .3 0  0 .07 1 9 : 00 2 1  1 50 1 30 1 . 1 4  0 .06 
' 
20:00 1 05 97 1 50 1 30 1 .4 1  0 .08 20:00 2 1  1 50 1 30 1 .23 0.07 
2 1 :00 1 05 .97 1 50 1 30 1 .42 0 .08  2 1 :00 2 1  1 50 1 30 1 .24 0 .07 
22 :00 1 05 .97 1 50 1 30 1 .44 0 .08 22 :00 2 1  1 50 1 30 1 .25 0 .07 
2 3 : 00 1 05 .97 1 50 1 30 1 .45 0 .08 23 :00 2 1  1 50 1 30 1 .27 0.07 
24:00 1 05 .97 1 50 1 30 1 .45 0 .08 24:00 2 1  1 50 1 30 1 .27 0 .07 
(-...l 
1 1 ) . P ipe P- 1 1 Time Se ries de ta i ls 
Time 
Length D iameter Roughness 
F low Veloc i ty 
( m )  (mm)  Lis m/s 
0 : 00 1 05 . 97 1 50 1 30 0 .84 0 .05 
1 : 00 1 05 .97 1 50 1 30 0 .83 0 .05 
2 :00 1 05 .97 1 50 1 30 0 .82  0 .05  
3 :00 1 05 .97 1 50 1 30 0 .82  0 .05 
4 :00 1 05 .97 1 50 1 30 0 .83 0 .05 
5 :00 1 05 .97 1 50 1 30 0 .93 0 .05 
6 :00 1 05 .97 1 50 1 30 0 .9 1 0 .05 
7 :00 1 05 .97 1 50 1 30 0 .89 0 .05 
8 : 00 1 05 . 97 1 50 1 30 0.9 1 0 .05 
9 : 00 1 05 .97 1 50 1 30 0.90 0 .05 
1 0 : 00 1 05 .97 1 50 1 30 0 .89 0 .05 
I I  :00 1 05 .97 1 50 1 30 0.90 0.05 
1 2 :00 1 05 .97 I SO 1 30 0 .89 0 .05 
1 3 : 00 I OS .97 I SO 1 30 0 .89 0 .05 
1 4 : 00 I OS .97 I SO 1 30 0 . 88  O.OS 
1 5 : 00 1 0S .97 1 50 1 30 0 . 89 0.05 
1 6 : 00 1 05 .97 1 50 1 30 0.9 1 0 .05 
1 7 :00 1 05 .97 1 50 1 30 0 .79 0 .04 
1 8 :00 1 05 .97 1 50 1 30 0 .80  0 .05 
1 9 :00 1 05 .97 1 50 1 30 0 .76 0 .04 
20 :00 1 05 .97 1 50 1 30 0 .82  0 .05 I 
2 1 :00 1 05 .97 1 50 1 30 0 .82  O.OS 
22 :00 1 05 .97 1 50 1 30 0 .83 0 .05 
23 : 00 1 05 .97 1 50 1 30 0 .84 0.05 
24:00 1 05 .97 1 50 1 30 0 .84 0 .05 
I 
-
1 2 ) .  Pi pe P- 1 2  Time Se ries deta i ls 
Time 
Length D iameter 
Roughness 
(m) (mm)  
0 :00  763 . 8 1 1 50 1 30 
I : 00 763 . 8 1 1 50 1 30 
2 : 00 763 . 8 1 1 50 1 30 
3 : 00 763 . 8 1 1 50 1 30 
4 :00 763 . 8 1 1 50 1 30 
5 : 00 763 . 8 1 1 50 1 30 
6 : 00 763 . 8 1 1 50 1 30 
7 :00 763 . 8 1 1 50 1 30 
8 :00 763 . 8 1 1 50 1 30 
9 :00 763 . 8 1 1 50 1 30 
1 0 : 00 763 . 8 1 1 50 1 30 
I I  : 00 763 . 8 1 1 50 1 30 
1 2 :00 763 . 8 1 1 50 1 30 
1 3 : 00 763 . 8 1 1 50 1 30 
1 4 : 00 763 . 8 1 1 50 1 30 
1 5 :00 763 . 8 1 1 50 1 30 
1 6 : 00 763 . 8 1 1 50 1 30 
1 7 : 00 763 . 8 1 1 50 1 30 
1 8 :00 763 . 8 1 1 50 1 30 
1 9 : 00 763 . 8 1 1 50 1 30 
20 :00 763 . 8 1 1 50 1 30 
2 1 : 00 763 . 8 1 1 50 1 30 
22 :00 763 . 8 1 1 50 1 30 
23 :00 763 . 8 1 1 50 1 30 









0 . 73 
0 . 72 
0 .73 
0 .73 
0 . 72 
0 . 73 
0 . 72 
0 . 72 
0. 7 1  
0 .72 










Veloc i l) 
mls 
tv 


























1 3). Pipe P- 1 3  Time Series detai ls  
Time 
0:00 




5 : 00 
6 : 00 
7 : 00 
8 : 00 
9 : 00 
1 0 :00 
1 1 : 00 
1 2 : 00 
1 3 : 00 
1 4 : 00 
1 5 : 00 
1 6 :00 
1 7 :00 
I 8 : 00 
1 9 :00 
20 :00 

































( m m )  
1 50 1 30 
1 50 1 30 
1 50 1 30 
1 50 1 30 
1 50 1 30 
1 50 1 30 
1 50 1 30 
1 50 1 30 
1 50 1 30 
1 50 1 30 
1 50 1 30 
1 50 1 30 
1 50 1 30 
1 50 1 30 
1 50 1 30 
1 50 1 30 
1 50 1 30 
1 50 1 30 
1 50 1 30 
1 50 1 30 
1 50 1 30 
1 50 1 30 
1 50 1 30 
1 50 1 30 
1 50 1 30 
F low Veloci ty 
Lis m/s 
1 .09 0 .06 
1 .08  0 .06 
1 .06 0.06 
1 .07 0 .06 
1 . 08 0.06 
1 .20 0.07 
1 . 1 8  0 .07 
1 . 1 6 0 .07 
1 . 1 8  0 .07 
1 . 1 7  0 .07 
1 . 1 6  0 .07 
1 . 1 7  0 .07 
1 . 1 6  0 .07 
1 . 1 6  0 .07 
1 . 1 5  0 .06 
1 . 1 6  0 .07 
1 . 1 8  0 .07 
1 .03 0 .06 
1 .04 0 .06 
0 .98 0 .06 
1 .06 o .o6 I 
1 .07 0.06 
1 .08  0 .06 
1 .09 0 .06 
1 .09 0 .06 
- -




(m ) (mm)  
0 :00 764 1 50 1 30 
1 : 00 764 1 50 1 30 
2 : 00 764 1 50 1 30 
3 : 00 764 1 50 1 30 
4 :00 764 1 50 1 30 
5 : 00 764 1 50 1 30 
6 : 00 764 1 50 1 30 
7 :00 764 1 50 1 30 
8 : 00 764 1 50 1 30 
9 :00 764 1 50 1 30 
1 0 :00 764 1 50 1 30 
I I  : 00 764 1 50 1 30 
1 2 : 00 764 1 50 1 30 
1 3 :00 764 1 50 1 30 
1 4 : 00 764 1 50 1 30 
1 5 : 00 764 1 50 1 30 
1 6 :00 764 1 50 1 30 
1 7 : 00 764 1 50 1 30 
1 8 :00 764 1 50 1 30 
1 9 : 00 764 1 50 1 30 
20 :00 764 1 50 1 30 
2 1 :00 764 1 50 1 30 
22 :00 764 1 50 1 30 
23 :00 764 1 50 1 30 






I 3 1  
1 . 32  
1 .47  
1 .45 
1 .42 






I .4 1 
1 .42 
1 .45 
1 . 26 
1 .27  
1 .20 
1 .30  
1 . 3 1  
1 . 32 































1 5 ). Pipe P- 1 5  Time Se ries deta i ls 
Time 
Length Diameter Roughness 
F low Ve loc i ty 
( m )  ( m m )  Us m/s 
0 : 00 25 .67 1 50 1 30 0 .37 0 .02 
I : 00 25 .67 1 50 1 30 0 .36 0 .02 
2 :00 25 .67 1 50 1 30 0 .35  0 .02 
3 :00 25 .67  1 50 1 30 0 .36 0 .02 
4 :00 25 .67 1 50 1 30 0 .36  0 .02 
5 : 00 25 .67 1 50 1 30 0 .40 0 .02 
6 :00 25 . 67 1 50 1 30 0 .40 0 .02 
7 : 00 25 . 67 1 50 1 30 0 .39 0.02 
8 : 00 25 .67  1 50 1 30 0.40 0.02 
9:00 25 .67  1 50 1 30 0 .39 0 .02 
1 0 :00 25 .67 1 50 1 30 0 .39 0 .02 
1 1 : 00 25 .67  1 50 1 30 0 .39 0 .02 
1 2 : 00 25 .67  1 50 1 30 0 .39 0 .02 
1 3 : 00 25 .67 1 50 1 30 0 .39 0 .02 
1 4 : 00 25 .67  1 50 1 30 0 .38  0 .02 
1 5 : 00 25 .67  1 50 1 30 0.39 0 .02 
1 6:00 25 .67 1 50 1 30 0 .40 0 .02 
1 7 :00 25 .67 1 50 1 30 0 .34 0 .02 
1 8 :00 25 .67 1 50 1 30 0 .35  0.02 
1 9 :00 25.67 1 50 1 30 0 .33 0 .02 
20:00 25 .67 1 50 1 30 0 .35  0.02 
2 1 : 00 25 .67  1 50 1 30 0 .36 0 .02 
22 :00 25 .67  1 50 1 30 0 .36 0 .02 
23 :00 25 .67 1 50 1 30 0 .37  0.02 
24:00 25 .67 1 50 1 30 0 . 37  0 .02 




(rn)  (mm)  
0 :00 1 05 .97 1 50 1 30 
I : 00 I 05 .97 1 50 1 30 
2 :00 1 05 .97 1 50 1 30 
3 :00 I 05.97 1 50 1 30 
4 :00 1 05 .97 1 50 1 30 
5 : 00 1 05 .97 I SO 1 30 
6 : 00 1 05 .97 I SO 1 30 
7 :00 1 05 .97 1 50 1 30 
8 :00 l 05 .97 1 50 1 30 
9 :00 1 05 .97 1 50 1 30 
1 0 :00 1 05 .97 l 50  1 30 
I I  : 00 1 05 .97 I SO 1 30 
1 2 : 00 1 05 .97 1 50 1 30 
1 3 : 00 1 05 .97 1 50 1 30 
1 4 : 00 1 05 .97 1 50 1 30 
1 5 : 00 1 05 .97 I SO 1 30 
1 6 :00 1 05 .97 I SO 1 30 
1 7 : 00 1 05 .97 1 50 1 30 
1 8 : 00 1 05 .97 1 50 1 30 
1 9 : 00 1 05 .97 I SO 1 30 
20 :00 1 05 .97 1 50 1 30 
2 1 : 00 1 05 .97 1 50 1 30 
22 :00 ! 05 .97 1 50 1 30 
23 :00 1 05 .97 1 50 1 30 




2 .56  
2 .54 
2 .48 
2 . 5 1 
2 . 54  
2 . 82 
2 .77 
2 . 72 
2 . 77 
2 .74 
2 . 72 




2 . 72 
2 .77 




2 .5 1 
2 . 54 
2 .56 
2 .56 




0. 1 4  
0. 1 4  
0 . 1 4  
0 .  ! 4  
0 . 1 4  
0 . 1 6  
0. 1 6  
0 . 1 5  
0 . 1 6  
0 . 1 6  
0. 1 5  
0 . 1 6  
0 . 1 5  
0 . 1 5  
0 . 1 5  
0 . 1 5  
0. 1 6  
0. 1 4  
0. 1 4  
0. 1 3  
0 . 1 4  
0 . 1 4  
0 . 1 4  
0. 1 4  
0. 1 4  
1 5). Pipe P- 1 5  Time Se ries deta i ls 
Time 
Length D iameter Roughness 
F l ow Veloc i ty 
( m )  ( m m )  Lis m/s 
0 : 00 25 .67  1 50 1 30 0 . 37  0 .02 
I :00 25 .67 1 50 1 30 0 .36 0 .02 
2 : 00 25 .67 1 50 1 30 0 .35  0 .02 
3 : 00 25 .67  1 50 1 30 0 .36  0 .02 
4 :00 25 .67 1 50 1 30 0 .36  0 .02  
5 : 00 25 .67 1 50 1 30 0 .40 0 .02 
6 : 00 25 . 67 1 50 1 30 0.40 0.02 
7 : 00 25 .67  1 50 1 30 0 .39 0 .02 
8 : 00 25 .67  1 50 1 30 0.40 0 .02 
9 :00 25 .67 1 50 1 30 0 .39 0 .02 
1 0 :00 25 .67 1 50 1 30 0 .39 0 .02 
I I  :00 25 .67 1 50 1 30 0 .39 0 .02 
1 2 :00 25 .67 1 50 1 30 0 .39 0.02 
1 3 :00 25 .67  1 50 1 30 0 .39 0.02 
1 4 : 00 25 .67 1 50 1 30 0 .38  0.02 
1 5 : 00 25 .67 1 50 1 30 0 .39 0 .02 
1 6 : 00 25 .67 1 50 1 30 0 .40 0 .02 
1 7 :00 25 .67 1 50 1 30 0 .34 0 .02 
1 8 :00 25 .67 1 50 1 30 0 .35  0 .02 
1 9 :00 25 .67 1 50 1 30 0 .33  0 .02 
20 :00 25 .67 1 50 1 30 0 .35  0 .02 
2 1 :00 25 .67 1 50 1 30 0 .36 0.02 
22 :00 25 .67  1 50 1 30 0 .36 0 .02 
23 :00 25 .67 1 50 1 30 0 .37 0 .02 
24:00 25 .67  1 50 1 30 0 .37  0.02 
--




( m )  ( m m )  
0 :00 I 05 .97 1 50 1 30 
I : 00 1 05 .97 1 50 1 30 
2 :00 1 05 .97 1 50 1 30 
3 :00 I 05 .97 1 50 1 30 
4 :00 I 05 .97 1 50 1 30 
5 : 00 1 05 .97 1 50 1 30 
6 : 00 1 05 .97 1 50 1 30 
7:00 1 05 .97 1 50 1 30 
8 :00 1 05 .97 1 50 1 30 
9 :00 1 05 .97 1 50 1 30 
1 0 :00 1 05 .97 1 50 1 30 
I I  : 00 1 05 .97 1 50 1 30 
1 2 :00 1 05 .97 1 50 1 30 
1 3 :00 1 05 . 97 1 50 1 30 
1 4 : 00 1 05 .97 1 50 1 30 
1 5 : 00 1 05 .97 1 50 1 30 
1 6 :00 1 05 .97 1 50 1 30 
1 7 : 00 1 05 .97 1 50 1 30 
1 8 :00 1 05 .97 1 50 1 30 
1 9 : 00 1 05 .97 1 50 1 30 
20 :00 1 05 .97 1 50 1 30 
2 1 : 00 1 05 .97 1 50 1 30 
22 :00 1 05 .97 1 50 1 30 
23 :00 1 05 .97 1 50 1 30 






2 .5 1 
2 . 5-1 
2 .82  
2 . 77 
2 . 72 
2 . 77 
2 .74 
2 . 72 






2 .4 1 
2 .43 
2 .30  
2 .48 
2 .5 1 
2 .54 
2 .56  
2 .56  




0. 1 4  
0 . 1 4  
-
0. 1 4  
0 . 1 4  
0 . 1 -t  
0 . 1 6  
0. 1 6  
0 . 1 5  
0 . 1 6  
0 . 1 6  
0 . 1 5  
0 . 1 6  
0 . 1 5  
0. 1 5  
0 . 1 5  
0. 1 5  
0 . 1 6  
0 . 1 4  
0. 1 4  
0. 1 3  
0 . 1 4  
0 . 1 4  
0 . 1 4  
0. 1 4  
0 . 1 4  
1 9) .  Pipe P- 1 9  Time Se ries detai ls  20) .  P ipe P-20 Time Se ries deta i ls 
-
Time 
Length D iameter 
Roughness 
F l ow Veloc i ty 
( m )  ( m m )  Lis m/s 
Time 
Length D iameter 
Roughness 
F lov. Veloc i t) 
( m )  (mm)  Lis mts 
0 :00 350 .93 1 50 1 30 0 .37  0 .02 0 :00 25 .67 1 50 1 30 0 .37 0.02 
I :00 3 50 .93 1 50 1 30 0 .36  0 .02 1 : 00 25 .67 1 50 1 30 0 .36 0 .02 
2 :00 3 50 .93 1 50 1 30 0 .35  0 .02 2 : 00 25 .67 1 50 1 30 0 .35  0 .02 
3 : 00 350.93 1 50 1 30 0 .36  0 .02  3 :00 25 .67 1 50 1 30 0 .36  0 .02 
4 :00 350.93 1 50 1 30 0 .36 0 .02 4 :00 25 .67 1 50 1 30 0 .36 0 .02 
5 :00 350 .93 1 50 1 30 0.40 0 .02 5 : 00 25 .67 1 50 1 30 0 .40 0 .02 
6 : 00 350 .93 1 50 1 30 0 .40 0 .02 6 :00 25 .67 1 50 1 30 0 .40 0 .02 
7 : 00 350 .93 1 50 1 30 0 .39 0 .02 7 :00 25 .67 1 50 1 30 0 .39 0 .02 
8 : 00 350 .93 1 50 1 30 0.40 0.02 8 : 00 25 .67 1 50 1 30 0.40 0 .02 
9 : 00 3 50.93 1 50 1 30 0 .39 0 .02 9 :00 25 .67 1 50 1 30 0 .39 0 .02 
1 0 :00 3 50 .93 1 50 1 30 0 .39 0 .02 1 0 : 00 25 .67  1 50 1 30 0 .39 0 .02 
1 1 : 00 350 .93 1 50 1 30 0 .39 0.02 1 1 : 00 25 .67 1 50 1 30 0 .39 0 .02 
1 2 :00 3 50.93 1 50 1 30 0 .39 0.02 1 2 :00 25 .67 1 50 1 30 0 .39 0 .02 
1 3 : 00 350 .93 1 50 1 30 0.39 0.02 1 3 :00 25 .67  1 50 1 30 0.39 0 .02 
1 4 : 00 350.93 1 50 1 30 0 .38  0 .02 1 4 :00 25 .67 1 50 1 30 0 .38  0 .02 
1 5 : 00 350 .93 1 50 1 30 0 .39 0 .02 1 5 : 00 25 .67 1 50 1 30 0 .39 0 .02 
1 6 :00 350.93 1 50 1 30 0.40 0 .02 1 6 : 00 25 .67 1 50 1 30 0.40 0 .02 
1 7 : 00 350 .93 1 50 1 30 0 .34 0 .02 1 7 :00 25 . 67 1 50 1 30 0 .34 0 .02 
1 8 : 00 350 .93 1 50 1 30 0 .35  0 .02 1 8 :00 25 .67 1 50 1 30 0 .35 0 .02 
1 9 : 00 350 .93 1 50 1 30 0 .33  0 .02 1 9 : 00 25 .67 1 50 1 30 0 .33 0 .02 
20 :00 350  93 1 50 1 30 0 .35  0.02 20 :00 25 .67 1 SO 1 30 0 .35 0 .02 
2 1 : 00 350 .93 1 50 1 30 0 .36 0 .02 2 1 : 00 2S .67 1 SO 1 30 0 .36 0.02 
22 :00 350 .93 1 50 1 30 0 .36 0.02 22 :00 25 .67 I SO 1 30 0 .36 0 .02 
23 :00 350 .93 1 50 1 30 0 .37  0 .02 23 :00 2S .67 1 SO 1 30 0 .37 0 .02 








F l ow Veloc ity 
( m )  (mm)  Lis m/s 
0 : 00 1 05 .97  1 50 1 30 2 .0 1 0 . 1 1  
I : 00 1 05 .97 1 50 1 30 1 .99 0 . 1 1  
2 :00 1 05 .97 1 50 1 30 1 .95 0 . 1 1  
3 :00 1 05 . 97 1 50 1 30 1 .97 0 . 1 1  
4 :00 1 05 .97 1 50 1 30 1 .99 0 . 1 1  
5 :00 1 05 .97 1 50 1 30 2.22 0 . 1 3  
6 : 00 1 05 .97 1 50 1 30 2 . 1 8  0. 1 2  
7 : 00 1 05 .97 1 50 1 30 2 . 1 4  0 . 1 2  
8 : 00 1 05 .97 1 50 1 30 2. 1 8  0. 1 2  
9 : 00 1 05 .97 1 50 1 30 2. 1 6  0 . 1 2  
1 0 :00 1 05 .97 1 50 1 30 2. 1 4  0. 1 2  
I I  :00 1 05 .97 1 50 1 30 2. 1 6  0. 1 2 ' 
1 2 :00 1 05 .97 1 50 1 30 2. 1 4  0 . 1 2  
1 3 : 00 1 05 .97 1 50 1 30 2 . 1 4  0 . 1 2  
1 4 :00 1 05 .97 1 50 1 30 2 . 1 2  0 . 1 2  
1 5 : 00 1 05 .97 1 50 1 30 2 . 1 4  0 . 1 2  
1 6 :00 1 05 .97 1 50 1 30 2. 1 8  0. 1 2  
1 7 : 00 1 05 .97 1 50 1 30 1 .89 0 . 1 1  
1 8 :00 1 05 .97 1 50 1 30 1 .9 1  0 . 1 1  
1 9 :00 1 05 .97 ! 50 1 30 1 . 8 1  0 . 1 0  
20 :00 1 05 . 97 1 50 1 30 1 .95 0. 1 1  
2 1 :00 1 05 .97 1 50 1 30 1 .97 0 . 1 1  
22 : 00 1 05 .97 1 50 1 30 1 .99 0 . 1 1  
23 :00 1 05 .97 1 50 1 30 2 .0 1 0 . 1 1  
24 : 00 1 05 .97 1 50 1 30 2 .0 1 0 . 1 1  
---- - -- ---




( m )  ( m m )  
0 :00 2 1  1 50 1 30 
I : 00 2 1  1 50 1 30 
2 :00 2 1  1 50 1 30 
3 : 00 2 1  1 50 1 30 
4 :00 2 1  1 50 1 30 
5 :00 2 1  1 50 1 30 
6 : 00 2 1  1 50 1 30 
7 :00 2 1  1 50 1 30 
8 :00 2 1  1 50 1 30 
9 :00 2 1  1 50 1 30 
1 0 : 00 2 1  1 50 1 30 
1 1 : 00 2 1  1 50 1 30 
1 2 :00 2 1  1 50 1 30 
1 3 : 00 2 1  1 50 1 30 
1 4 :00 2 1  1 50 1 30 
1 5 : 00 2 1  1 50 1 30 
1 6 :00 2 1  1 50 1 30 
1 7 : 00 2 1  1 50 1 30 
1 8 : 00 2 1  1 50 1 30 
1 9 :00 2 1  1 50 1 30 
20 :00 2 1  1 50 1 30 
2 1 : 00 2 1  1 50 1 30 
22 :00 2 1  1 50 1 30 
23 :00 2 1  1 50 1 30 








4 .59  
5 . 1 1  
5 . 0  I 
4 .92 






4 . 87  
4 .92 
5 .0  I 
4 . 35  
4 .40 






Vc loc J l) 





























23). Pipe P-23 Time Se ries deta i ls 
Time 
Length Diameter Roughness 
F low Veloc ity 
( m )  ( m m )  Us m/s 
0 :00 1 05 .97 1 50 1 30 7 .46 0 .42 
1 : 00 1 05 .97 1 50 1 30 7 .38  0.42 
2 : 00 1 05 .97 1 50 1 30 7 .23 0 .4 1 
3 : 00 1 05 .97 1 50 1 30 7 .3 1 0.4 1 
4 :00 1 05 .97 1 50 1 30 7 .38  0.42 
5 : 00 1 05 .97 1 50 1 30 8 .22 0.47 
6 : 00 1 05 .97 1 50 1 30 8 .07 0.46 
7 : 00 1 05 .97 1 50 1 30 7.92 0 .45 
8 : 00 1 05 .97 1 50 1 30 8 .07 0 .46 
9 :00 1 05 .97 1 50 1 30 7.99 0.45 
1 0 : 00 1 05 .97 1 50 1 30 7.92 0.45 
I I  :00 1 05 .97 1 50 1 30 7.99 0.45 
1 2 :00 1 05 .97 1 50 1 30 7.92 0 .45 
1 3 :00 1 05 .97 1 50 1 30 7.92 0 .45 
1 4 : 00 1 05 .97 1 50 1 30 7 .84 0.44 
1 5 : 00 1 05 .97 1 50 1 30 7.92 0.45 
1 6 :00 1 05 .97 1 50 1 30 8 .07 0 .46 
1 7 : 00 1 05 .97 1 50 1 30 7 .00 0 .40 
1 8 :00 1 05 .97 1 50 1 30 7.08 0 .40 
1 9 : 00 1 05 .97 1 50 1 30 6.70 0.38 
20 :00 1 05 .97 1 50 1 30 7 .23 0.4 1 
2 1 : 00 1 05 .97 1 50 1 30 7 .3 1 0.4 1 
22 :00 1 05 .97 1 50 1 30 7 .38  0.42 
23 :00 1 05 .97 1 50 1 30 7.46 0.42 
24 :00 1 05 . 97 1 50 1 30 7.46 0.42 




( m )  ( m m )  
0 :00 344.945 1 50 1 30 
I : 00 344.945 1 50 1 30 
2 :00 344.945 1 50 1 30 
3 :00 344.945 1 50 1 30 
4 :00 344.945 1 50 1 30 
5 : 00 344.945 1 50 1 30 
6 : 00 344.945 1 50 1 30 
7 : 00 344.945 1 50 1 30 
8 : 00 344.945 1 50 1 30 
9 :00 344 .945 1 50 1 30 
1 0 :00 344 .945 1 50 1 30 
1 1 : 00 344.945 1 50 1 30 
1 2 :00 344.945 1 50 1 30 
1 3 :00 344.94S I SO 1 30 
1 4 :00 344 .94S 1 50 1 30 
1 5 :00 344.945 1 50 1 30 
1 6 : 00 344.94S 1 50 1 30 
1 7 : 00 344 .945 I SO 1 30 
1 8 : 00 344.945 1 50 1 30 
1 9 :00 344.945 1 50 1 30 
20:00 344.945 1 50 1 30 
2 1 : 00 344.94S 1 50 1 30 
22 :00 344.945 I SO 1 30 
23 :00 344.945 1 50 1 30 
24 :00 344.945 1 50 1 30 
F lO\\ 
Lis 




2 .78  
3 . 09 
3 . 04 
2 .98 
3 .04 














2 .8 1 
2 .8 1 
Veloc J t) 
m s  
� �  
00 
0. 1 6  
-
0. 1 6  
0 . 1 5  
-
0. 1 6  
0 . 1 6  
0 . 1 8  
0 . 1 7  
0 . 1 7  
0 . 1 7  
0. 1 7  
0 . 1 7  
0 . 1 7  
0 . 1 7  
0 . 1 7  
0 . 1 7  
0 . 1 7  
0 . 1 7  
0 . 1 5  
O. I S  
0 1 4  
0 1 5  
-
0. 1 6  
0 . 1 6  
0 . 1 6  
0 . 1 6  
25).  Pipe P-25 Time Sc.-ies deta i ls  
Time 
0 : 00 
I :00 
2 :00 
3 : 00 
4 :00 
5 :00 
6 : 00 
7 : 00 
8 : 00 
9 : 00 
1 0 :00 
I I  : 00 
1 2 : 00 
1 3 : 00 
1 4 : 00 
1 5 : 00 
1 6 :00 
1 7 : 00 
1 8 :00 
1 9 :00 
20 :00 
2 1 : 00 
22 :00 
23 : 00 
24 : 00 
Length D iameter 
( m )  ( m m )  
1 05 .2 1 50 
1 05 . 2  1 50 
1 05 .2 1 50 
1 05 . 2  1 50 
1 05 . 2  1 50 
1 05 . 2  1 50 
1 05 .2 1 50 
1 05 . 2  1 50 
1 05 .2 1 50 
1 05 .2 1 50 
1 05 . 2  1 50 
1 05 . 2  1 50 
1 05 . 2  1 50 
1 05 . 2  1 50 
1 05 . 2  1 50 
1 05 . 2  1 50 
1 05 . 2  1 50 
1 05 . 2  1 50 
1 05 . 2  1 50 
1 05 . 2  1 50 
1 05 . 2  1 50 
1 05 . 2  1 50 
1 05 . 2  1 50 
1 05 . 2  1 50 



























F low Veloc i ty 
Lis m/s 
2 . 8 1 0 . 1 6  
2 .78  0 . 1 6  
2 . 72 0 . 1 5  
2 .75  0 . 1 6  
2 .78  0 . 1 6  
3 . 09 0 . 1 8  
3 .04 0 . 1 7  
2 .98 0 . 1 7  
3 .04 0 . 1 7  
3 .0 1 0 . 1 7  
2 .98 0 . 1 7  
3 . 0 1 0 . 1 7  
2 .98 0 . 1 7  
2 .98 0 . 1 7  
2 .95 0 . 1 7  
2 .98 0 . 1 7  
3 .04 0 . 1 7  
2 .64 0 . 1 5  
2 .66 0 . 1 5  
2 . 52  0 . 1 4  
2 . 72 0 . 1 5  
2 .75  0 . 1 6  
2 .78  0 . 1 6  
2 .8 1 0 . 1 6  
2 .8 1 0 . 1 6  
26).  P ipe P-26 Time Se ries deta i ls 
Time 
Length D iameter 
Roughness 
F lov .. Vc loc i t) 
( m )  ( m m )  Lis m e;  
0 :00 354 .9 1 I SO 1 30 2 . 8 1  0 . 1 6  
I : 00 354 .9 1 1 50 1 30 2 .78  0 . 1 6  
2 : 00 354 .9 1 1 50 1 30 2 .72 0 . 1 5  
3 : 00 354 .9 1 I SO 1 30 2 .75  0. 1 6  
4 : 00 3 54 .9 1 1 50 1 30 2 .78  0 . 1 6  
5 : 00 354 .9 1 1 SO 1 30 3 . 09 0 1 8  
6 : 00 354 .9 1 1 50 1 30 3 .04 0 . 1 7  
7 :00 354.9 1 1 50 1 30 2 .98 0 . 1 7  
8 : 00 354.9 1 1 50 1 30 3 .04 0 . 1 7  
9 :00 354 .9 1 1 50 1 30 3 . 0 1 0 . 1 7  
1 0 :00 354.9 1 1 50 1 30 2 .98 0 . 1 7  
1 1 : 00 354 .9 1 1 50 1 30 3 .0  I 0. 1 7  
1 2 :00 354 .9 1 1 50 1 30 2.98 0 . 1 7  
1 3 : 00 354 .9 1 1 50 1 30 2 .98 0 . 1 7  
1 4 :00 354 .9 1 1 50 1 30 2 .95 0 . 1 7  
1 5 : 00 354 .9 1 1 50 1 30 2 .98 0 . 1 7  
1 6 : 00 354.9 1 1 50 1 30 3. 04 0 . 1 7  
1 7 : 00 354 .9 1 1 50 1 30 2 .64 0 . 1 5  
1 8 :00 354 .9 1 ! 50 1 30 2.66 0 . 1 5  
1 9 : 00 354 .9 1 1 50 1 30 2 .52 0. 1 4  
20 :00 354 .9 1 1 50 1 30 2 .72 0 . 1 5  
2 1 : 00 354 .9 1 I SO 1 30 2 .75  0 . 1 6  
22 :00 354 .9 1 1 50 1 30 2 .78 0 . 1 6  
23 :00 354 .9 1 1 50 1 30 2 .8 1 0 . 1 6  
24 :00 354 .9 1 1 50 1 30 2 .8 1 0 . 1 6  
l .J  
-
...0 
27).  Pipe P-27 Time Se ries de ta i ls 
Time 
Length D iameter Roughness 
F l ow Veloc i ty 
( m )  ( m m )  Lis m/s 
0 : 00 I OS .97 I SO 1 30 1 .29 0 .07  
I :00 I OS .97 I SO 1 30 1 .28  0 .07 
2 : 00 I OS .97 1 50 1 30 1 .2 5  0 .07 
3 :00 1 05 .97 I SO 1 30 1 .26  0 .07 
4 : 00 1 05 .97 I SO 1 30 1 .28  0 .07 
S :OO 1 05 .97 I SO 1 30 1 .42 0 .08 
6 : 00 1 05 .97 1 50 1 30 1 .39 0 .08 
7 : 00 1 05 .97 I SO 1 30 1 .3 7  0 .08 
8 : 00 1 05 .97 1 50 1 30 1 .39 0.08 
9 : 00 I OS .97 I SO 1 30 1 .3 8  0 .08 
1 0 :00 1 05 .97 1 50 1 30 1 .3 7  0 .08 
1 1 : 00 1 05 .97 1 50 1 30 1 .3 8  0 .08 
1 2 :00 1 0S .97 I SO 1 30 1 .3 7  0 .08 
1 3 : 00 1 05 .97 1 50 1 30 1 .3 7  0 .08 
1 4 : 00 I OS .97 I SO 1 30 1 .3 5  0 .08 
1 5 : 00 1 0S .97 1 50 1 30 1 .3 7  0 .08 
1 6:00 1 05 .97 1 50 1 30 1 .39  0 .08 
1 7 :00 1 05 .97 I SO 1 30 1 .2 1  0 .07 
1 8 :00 I OS .97 1 50 1 30 1 .22 0 .07 
1 9 : 00 1 05 .97 1 50 1 30 1 . 1 6 0 .07 
20:00 I OS .97 I SO 1 30 1 .2S  0 .07  
2 1 : 00 I OS .97 I SO 1 30 1 .26 0 .07 i 
22 :00 I OS .97 1 50 1 30 1 .28  0 . 07  
23 : 00 1 05 .97 1 50 1 30 1 .29 0 .07 
24 :00 1 05 .97 1 50 1 30 1 .29 0 .07 -- -
28).  P ipe P-28 Time Se ries detai ls  
Time Length D iameter Roughness 
( m )  ( m m )  
0 :00 2 1  I SO 1 30 
I :00 2 1  1 50 1 30 
2 :00 2 1  1 50 1 30 
3 : 00 2 1  1 50 1 30 
4 : 00 2 1  1 50 1 30 
S : OO 2 1  I SO 1 30 
6 : 00 2 1  1 50 1 30 
7 : 00 2 1  1 50 1 30 
8 : 00 2 1  I SO 1 30 
9 :00 2 1  1 50 1 30 
1 0 : 00 2 1  I SO 1 30 
1 1 : 00 2 1  I SO 1 30 
1 2 :00 2 1  I SO 1 30 
1 3 : 00 2 1  I SO 1 30 
1 4 : 00 2 1  I SO 1 30 
I S :OO 2 1  I SO 1 30 
1 6 :00 2 1  1 50 1 30 
1 7 : 00 2 1  1 50 1 30 
1 8 :00 2 1  I SO 1 30 
1 9 : 00 2 1  I SO 1 30 
20 :00 2 1  I SO 1 30 
2 1 :00 2 1  I SO 1 30 
22 :00 2 1  1 50 1 30 
23 :00 2 1  1 50 1 30 
24:00 2 1  1 50 1 30 
F lO\\ 
Lis 





1 . 1 8  
1 . 1 6 
1 . 1 4 
1 . 1 6 
I .  I S  
1 . 1 4 
I .  I S  
l .  1 -f  
1 . 1 4 
1 . 1 3 
1 . 1 4 
1 . 1 6  







































29). Pipe P-29 Time Se ries deta i ls  
Time 
Length D iameter Roughness 
F low Veloc i ty 
( m )  (mm)  Lis m/s 
0 : 00 1 05 .97 1 50 1 30 0.66 0 .04 
I :00 1 05 .97 1 50 1 30 0 .65 0.04 
2 :00 1 05 .97 1 50 1 30 0 .64 0.04 
3 :00 1 05 .97 1 50 1 30 0 .65 0 .04 
4 :00 1 05 .97 1 50 1 30 0 .65 0 .04 
5 : 00 1 05 .97 1 50 1 30 0 . 73 0 .04 
6 : 00 1 05 .97 1 50 1 30 0 . 7 1  0 .04 
7 : 00 1 05 .97 1 50 1 30 0 .70 0 .04 
8 : 00 1 05 .97 1 50 1 30 0 .7 1 0 .04 
9 : 00 1 05 .97 1 50 1 30 0 .7 1 0 .04 I 
1 0 : 00 1 05 .97 1 50 1 30 0 . 70 0 .04 
I I  : 00 1 05 .97 1 50 1 30 0 . 7 1  0.04 1 
1 2 :00 1 05 . 97 1 50 1 30 0 .70 0 .04 
1 3 :00 1 05 .97 1 50 1 30 0 .70 o .o4 I 
1 4 :00 1 05 .97 1 50 1 30 0 .69 0.04 
1 5 : 00 1 05 . 97 1 50 1 30 0 . 70 0 .04 
1 6 :00 1 05 .97 1 50 1 30 0 . 7 1  0 .04 
1 7 : 00 1 05 .97 1 50 1 30 0.62 0 .04 
1 8 :00 1 05 .97 1 50 1 30 0.63 0 .04 
1 9 : 00 1 05 .97 1 50 1 30 0 .59 0 .03 
20 :00 1 05 .97 1 50 1 30 0 .64 0.04 
2 1 : 00 1 05 .97 1 50 1 30 0 .65 0 .04 
22 :00 1 05 .97 1 50 1 30 0 .65 0 .04 
23 :00 1 05 .97 1 50 1 30 0.66 0 .04 
24 :00 1 05 .97 1 50 1 30 0 .66 0 .04 
30). Pipe P-30 Time Se ries detai ls 
Time 
Length D iameter 
Roughness 
( m )  (mm)  
0 :00 763 . 848  1 50 1 30 
I : 00 763 . 848 1 50 1 30 
2 :00 763 . 848 1 50 1 30 
3 : 00 763 . 848 1 50 1 30 
4 :00 763 . 848 1 50 1 30 
5 : 00 763 .848 1 50 1 30 
6 :00 763 .848 1 50 1 30 
7 :00 763 . 848 1 50 1 30 
8 : 00 763 . 848 1 50 1 30 
9 :00 763 .848 1 50 1 30 
1 0 :00 763 .848 1 50 1 30 
I I  : 00 763 . 848 1 50 1 30 
1 2 :00 763 . 848 1 50 1 30 
1 3 :00 763 .848 1 50 1 30 
1 4 :00 763 .848 1 50 1 30 
1 5 : 00 763 . 848 1 50 1 30 
1 6 : 00 763 .848 1 50 1 30 
1 7 : 00 763 .848  1 50 1 30 
1 8 : 00 763 .848 1 50 1 30 
1 9 : 00 763 .848  1 50 1 30 
20 :00 763 . 848  1 50 1 30 
2 1 : 00 763 .848  1 50 1 30 
22 :00 763 .848  1 50 1 30 
23 :00 763 .848 1 50 1 30 
24 :00 763 .848  1 50 _ 1 30 L__ 
F lO\\ 
Lis 
1 .3 1  
1 .29 
1 .27 
1 .28  
1 .29 
1 .44 
1 .4 1  
1 . 39 
1 .4 1  
1 .40 
1 .39  
1 .40 
1 .39 
1 .39  
1 .3 7  
1 .39 
I A I  
1 . 23 
1 .24 
1 . 1 7  
1 .27  
1 .28 
1 .29 
1 . 3 1  
1 . 3 1  































3 1 ). Pipe P-3 1 Time Se ries deta i ls 
Time 
Length D iameter Roughness 
F low Veloc i ty 
(m) ( m m )  Lis m/s 
0 : 00 763 . 848 1 50 1 30 1 . 1 0  0 .06 
1 : 00 763 . 848 1 50 1 30 1 .09 0 .06 
2 : 00 763 . 848 1 50 1 30 1 .07 0.06 
3 : 00 763 . 848 1 50 1 30 1 .08 0 .06 
4 :00 763 . 848 1 50 1 30 1 .09 0 .06 
5 : 00 763 . 848  1 50 1 30 1 .22 0 .07 
6 : 00 763 .848 1 50 1 30 1 . 1 9 0 .07 
7 : 00 763 .848 1 50 1 30 1 . 1 7  0 .07 
8 : 00 763 . 848 I SO 1 30 1 . 1 9 0 .07 
9 : 00 763 .848 1 50 1 30 1 . 1 8 0 .07 
1 0 :00 763 . 848 I SO 1 30 1 . 1 7  0 .07 
I I  :00 763 . 848 I SO 1 30 1 . 1 8  0 .07 
1 2 :00 763 .848 1 50 1 30 1 . 1 7  0 .07 
1 3 :00 763 . 848 I SO 1 30 1 . 1 7  0 .07 
1 4 :00 763 . 848 I SO 1 30 1 . 1 6  0 .07 
1 S : OO 763 . 848 1 50 1 30 1 . 1 7  0 .07 
1 6 : 00 763 . 848 1 50 1 30 1 . 1 9  0 .07 
1 7 : 00 763 . 848 I SO 1 30 1 .04 0 .06 
1 8 : 00 763 . 848 I SO 1 30 1 .05 0.06 
1 9 : 00 763 .848 I SO 1 30 0.99 0.06 
20 :00 763 . 848 1 50 1 30 1 .07  0 .06 
2 1 :00 763 . 848 1 50 1 30 1 .08  0 .06 
22 :00 763 . 848 I SO 1 30 1 .09 0 .06 
23 :00 763 .848 1 50 1 30 1 . 1 0  0 .06 
24:00 763 .848 1 50 1 30 1 . 1 0  0.06 1 
-
32) .  Pipe P-32 Time Series deta i ls 
Time 
Length D iameter 
Roughness ( m )  ( m m )  
0 :00 763 . 8 1 1 50 1 30 
1 : 00 763 . 8 1 1 50 1 30 
2 : 00 763 .8 1 1 50 1 30 
3 : 00 763 . 8 1 1 50 1 30 
4 : 00 763 . 8 1 1 50 1 30 
5 : 00 763 . 8 1 1 50 1 30 
6 : 00 763 . 8 1 1 50 1 30 
7 : 00 763 . 8 1 1 50 1 30 
8 : 00 763 . 8 1 1 50 1 30 
9 :00 763 .8 1 1 50 1 30 
1 0 : 00 763 . 8 1 I SO 1 30 
I I  : 00 763 . 8 1 1 50 1 30 
1 2 : 00 763 . 8 1 1 50 1 30 
1 3 :00 763 . 8 1 1 50 1 30 
1 4 :00 763 . 8 1 1 SO 1 30 
1 5 : 00 763 . 8 1 I SO 1 30 
1 6 :00 763 . 8 1 I SO 1 30 
1 7 :00 763 . 8 1 1 50 1 30 
1 8 : 00 763 . 8 1 ! 50 1 30 
1 9 : 00 763 . 8 1 1 50 1 30 
20 :00 763 . 8 1 1 50 1 30 
2 1 : 00 763 . 8 1 1 50 1 30 
22 :00 763 . 8 1 1 50 1 30 
23 :00 763 . 8 1 1 50 1 30 










0 .9 1 
0 .93 
0 .92 
0 .9 1 
0.92 
0 .9 1 




0 .8 1 
0 .82 






Veloc t l) 
mis 
0.05 
· -
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
O.OS 
0 .05 
0 .05 
0 .05 
0 .05 
O .OS 
0.05 
0 .05 
0 .04 
O.OS 
0.05 
0.05 
0.05 
0.05 
--------
l-..J 
N 
t ...l 
